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ABSTRACT
B i v a r i a t e  ( re d u c e d  m ajo r  a x e s )  and m u l t i v a r i a t e  ( d i s c r i m i n a n t  
f u n c t i o n s , c a n o n i c a l  v a r i â t e s , p r i n c i p a l  c o m p o n e n t s , c lu s te r  a n a l y s i s )  
com pute r  t e c h n iq u e s  a r e  used  t o  a n a ly s e  q u a n t i t a t i v e  m easurem ents 
on  f i f t e e n  t e s t  d im e n s io n s  o f  t h e  M esozoic c a s s i d u l o i d  e c h in o id  
N u c l e o l i t e s  and i t s  p r o b a b le  l i v i n g  d e s c e n d a n t  Apatopygus r e c e n s .
A m o d i f i c a t i o n  to  s t a n d a r d  t e c h n iq u e s  i s  d e s c r i b e d  f o r  a n a l y s i s  
o f  r e d u c e d  m a jo r  a x e s  and th e  c l u s t e r  a n a l y s i s .
Twenty" sam ples  a r e  a n a ly s e d .  They i n c l u d e  n in e  s p e c i e s  o f  
N u c l e o l i t e s  from th e  J u r a s s i c  ( N.ampTus, N ,b u r g u n d ià è , N .e l o n g a tu s , 
N . l a t i p o r u s , N .m ic r a u lu s , N . s c u t a t u s , N .w oodw ard ii) o f  England and 
F ra n c e  and C re ta c e o u s  ( N . r o tu n d u s , N .s u b q u a d r a tu s ) o f  F ran ce  and 
N orth  A f r i c a ,
The g e n o ty p e ,N u c l e o l i t e s  s c u t a t u s , i s  r e p r e s e n t e d  by seven  
sa m p le s .  S i g n i f i c a n t  i n f r a s p e c i f i c  v a r i a t i o n  o c c u rs  p r i m a r i l y  i n  
s i z e , s h a p e  and p o s i t i o n  o f  t h e  p e r i p r o c t  and i n  t h e  l e n g t h  o f  th e  
a n a l  s u l c u s .  A l a r g e  p e r i p r o c t  c o r r e l a t e s  w i th  l a r g e  sed im en t  g r a i n  
s i z e .
No such  d i f f e r e n c e s  a r e  p roved  betw een t h r e e  sam ples  o f  
N . l a t i p o r u s  ( = N . c l u n i c u l a r i s  a u c t . ) .  S t a t i s t i c a l  d i f f e r e n c e s  
be tw een  N . l a t i p o r u s  and N . s c u t a t u s  a r e  o f  t h e  same o r d e r  a s  betw een 
i n f r a s p e c i f i c  sam ples  o f  N . s c u t a t u s .
Sam ples o f  t h e  se v en  re m a in in g  f o s s i l  s p e c i e s  a r e  compared 
t o  t h e  g e n o ty p e .  Q u a n t i t a t i v e l y , d i f f e r e n c e s  c a n  be e x p re s s e d  i n  
te rm s  o f  two t e s t  v a r i a b l e s , a l w a y s  i n c l u d in g  e i t h e r  th e  l e n g t h  o f  
t h e  p e r i p r o c t  a n d /o r  i t s  d i s t a n c e  from  th e  a p i c a l  d i s c .  The s i z e  
o f  t h e  p e r i p r o c t  i s  f a c i e s  d e p e n d e n t .  W ith in  t h e  J u r a s s i c  s p e c i e s ,  
t h e  l e n g t h  o f  t h e  a n a l  s u lc u s  i s  c o n s i s t e n t l y  s h o r t e r  i n  th e  
s t r a t i g r a p h i c a l l y  younger  s p e c i e s .  T h is  t r e n d  i s  n o t  c o n t in u e d  in  
t h e  C r e ta c e o u s  s p e c i e s .  O v e r a l l , t h e  d i s t a n c e  o f  th e  a p i c a l  d i s c  
from  th e  a n t e r i o r  o f  t h e  t e s t  becomes c o n s i s t e n t l y  s h o r t e r  i n  t h e  
s t r a t i g r a p h i c a l l y  younger  o f  t h e  n in e  s p e c i e s  s t u d i e d .
N . s c u t a t u s  shows a s i m i l a r  r a n g e  o f  v a r i a t i o n  to  i n f r a s p e c i f i c  
sam p les  o f  A patopygus r e c c n s  from New Z e a la n d ,  A .r e c e n s  burrows 
c o m p le te ly  i n  a  c o a r s e  s u b s t r a t e  and i n j e s t s  l a r g e  s u b s t r a t e  
p a r t i c l e s .  N . s c u t a t u s  p ro b a b ly  d id  l i k e w i s e .  These  h a b i t s  a r e  t h e r e f o r e  
o f  a n c i e n t  o r i g i n  i n  t h e  C a s s id u l o i d a ,
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CHAPTER 1 -  INTRODUCTION;
1 A) The genus NUCLEOLITES
N ucleol i t e s  i s  an im p o r ta n t  Mesozoic i r r e g u l a r  e c h in o id  
genus because  o f  i t s  common o c c u r r e n c e ;  i t s  numerous s p e c i e s ;  
i t s  lo n g  s t r a t i g r a p h i e  r a n g e ;  th e  f a c t  t h a t  i t  i s  one o f  the  
e a r l i e s c  known and a r g u a b ly  one o f  th e  most p r i m i t i v e  o f  th e  
c a s s i d u l o i d  e .c h in o id s ;  and b ecause  o f  i t s  presumed a n c e s t r y  o f  
o r  c l o s e  a f f i n i t y  w i th  a l l  o t h e r  members o f  th e  o r d e r
&
C a s s i d u l o i d a ,
The f i r s t  undoub ted  o c c u r r e n c e  o f  N u c l e o l i t e s  i s  i n  
t h e  p a r k ln s o n i  zone o f  th e  m id d le  J u r a s s i c  u p p e r  B.-vjocian s t a g e .
The genus becomes d i v e r s e  i n  number o f  s p e c i e s  and l o c a l l y  
a b u n d a n t  i n  number o f  i n d i v i d u a l s  f o r  th e  f i r s t  t im e  i n  th e  
s u c c e e d in g  B a th o n ia n  s t a g e .  I t  seems to  r e a c h  i t s  acm e,judged  
by common o c c u r r e n c e  o f  i n d i v i d u a l s  and e x t e n s i v e  g e o g ra p h ic  
r a n g e , i n  th e  O x f o r d ia n ,N , s c u t a t u s  Lamarck e s p e c i a l l y  b e in g  
common i n  t h e  C o r a l l i a n  (m id d le  and uppe r  O x fo rd ia n )  o f  England 
and F ra n c e ,  S u b s e q u e n t ly  th e  genus i s  r e p r e s e n t e d  by l e s s  common 
i n d i v i d u a l s  b u t  co m p rise s  s p e c i e s  showing a g r e a t e r  r a n g e  i n  
m orphology . I n  t h e  C re ta c e o u s  i t  g iv e s  r i s e  to  many new g e n e ra  
b u t  a l s o  d i s a p p e a r s  from  England by t h i s  t im e .  I t  i s  th e n  o f  
f r e q u e n t  o c c u r r e n c e  o n ly  i n  e a s t e r n  France ,G erm any  and S w i t z e r l a n d .  
By th e  u p p e r  C r e ta c e o u s  i t  i s  found m a in ly  i n  M o ro c c o ,A lg e r ia  
and T u n i s i a , t h e  l a s t  undoubted. N u c l e o l i t e s  s p e c i e s , N .ro tu n d u s  
(P e ro n  & G a u t h i e r ) , o c c u r r i n g  i n  th e  Cenomanian o f  A lg e r i a  
( K i e r ,1 9 6 2 ) .
/' The genus i s  d i v e r s e  w i th  o v e r  e i g h t y  named s p e c i e s  
( s e n s u  Lam bert & T h ie r y ,1 9 0 9 ) .  They o c c u r  m ost commonly i n  
l im e s t o n e s  and i n  th e  n o r th  w e s t  European  a r e a .  The g r e a t e s t
6 . •
number o f  s p e c i e s  as  opposed to  i n d i v i d u a l s  o c c u rs  i n  th e  Neocoralan 
( f i g . 1 , 1 ) ,
The t o t a l  r a n g e  o f  th e  genus from upper  B a jo c ia n  to  
Cenomanian r e p r e s e n t s  a t im e  span  o f  some s i x t y  n in e  m i l l i o n  
y e a r s  (M arland  P ^ ^ y i 9 6 4 ) ,  Th is  i s  s i g n i f i c a n t l y  l o n g e r  th a n  
m ost o t h e r  c a s s i d u l o i d  g e n e ra  ( s e n su  K ie r ,1 9 6 2 ) .
I n  t h a t  i t  o c c u rs  i n  th e  B a j o c i a n ,b a r e l y  two s t a g e s  l a t e r  
th a n  th e  e a r l i e s t  known c a s s i d u l o i d  ( G aleropygus  C o t t e a u , l 8 5 6 )  i n  
t h e  T o a r c ia n  ( K i e r ,1 9 7 7 ) ,  N u c l e o l i t e s  i s  an  e a r l y  c a s s i d u l o i d ,
K ie r  (1 9 6 2 ,1 9 6 6 )  c o n s id e r s  i t  to  be n o t  o n ly  th e  ty p e  b u t  t tie  
a n c e s t r a l  genus o f  t h e  f a m i ly  N u c l e o l i t i d a e .  The f a m i ly  N u c l e o l i t i d a e  
A g a s s iz  & D e s o r , 1 8 4 7 , i s  i t s e l f  one o f  th e  l a r g e s t  and o l d e s t  
f a m i l i e s  o f  th e  C a s s id u l o i d a ,  A l l  o t h e r  f a m i l i e s  o f  th e  C a s s id u l o i d a ,  
w i th  t h e  e x c e p t io n  o f  th e  co n tem p o ra ry  C ly p e id a e  L a m b e r t ,1898, 
and t h e  a n c e s t r a l  G a le ro p y g id a e  Lam bert 1 9 1 1 ,a r e  p ro b a b ly  d e r iv e d  
from  th e  N u c l e o l i t i d a e  ( s e n su  K i e r , 1 9 6 2 ) ,
N u c l e o l i t e s  i s  t h e r e f o r e  an  e a r l y  and lo n g  r a n g in g  genus 
w hich  p ro b a b ly  formed th e  r o o t  s to c k  o f  i t s  f a m i ly  and m ost o f  
th e  o r d e r  C a s s id u l o i d a  ( K i e r , 1 9 6 2 ) ,  The c a s s i d u l o i d s  th em se lv e s  
c o n s t i t u t e  one o f  th e  f i v e  p r i n c i p a l  o r d e r s  o f  i r r e g u l a r  e c h in o i d s ,
1 B) Taxonomy
B ecause i t  i s  common,N u c l e o l i t es has  been  s t u d i e d  f o r  
300 y e a r s .  B ecause  i t  i s  d i v e r s e , a n d  i t s  s p e c i e s  w id e sp re a d  
th ro u g h o u t  w e s t  E u r o p e , th e r e  has  been c o n s i d e r a b l e  d u p l i c a t i o n  
o f  n o m e n c la tu re  a t  b o th  g e n e r i c  and s p e c i e s  l e v e l ,
A number o f  g e n e ra  a r e  synonymous, Pomel ( 1 8 8 3 ) , f o r  exam ple, 
e r e c t e d  e i g h t  new g e n e ra  on s l i g h t  d i f f e r e n c e s  i n  shape  and 
p o s i t i o n  o f  th e  p e r i p r o c t  and l e n g t h  o f  t h e  s u l c u s .  A l l  a r e  now
5 ,
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c o n s id e r e d  synonymous w ith  N u c le o l i  t e s  by m ost a u t h o r s .  There  has 
been c o n s i d e r a b l e  c o n t r o v e r s y  r e l a t e d  to  th e  u s e  o f  t h e  names 
N u c le o l i  t e s  and E c h in o b r is ; :u s  and t h i s  i s  d i s c u s s e d  f u l l y  below 
( p . 22 ) .  W rig h t ,M o rten so n  and K ier,am ong  o t h e r s , h a v e  p o in te d  o u t  
th e  d i f f i c u l t y  in  d i s t i n g u i s h i n g  betw een s p e c i e s  a t t r i b u t e d  to  
N u c lc o l i t e s , C o t te a u  f i g u r e d  many specim ens i n  h i s  works on F rench  
e c h in o id s  i n  th e  l a t t e r  h a l f  o f  th e  n i n e t e e n t h  c e n tu r y .  U n f o r tu n a t e ly  
h i s  a r t i s t  made many i n a c c u r a t e  d raw ings  and i n  th e  c a s e  o f  
N u c l e o l i t e s  c o n s i s t e n t l y  drew specim ens w i th  s i n g l e  p o res  r a t h e r  
th a n  d o u b le  p o re s  i n  each  h a l f  ambulacrum beyond th e ” p e t a l s ,  'This 
f e a t u r e  has  s u b s e q u e n t ly  been found to  be o f  g r e a t  e v o lu t io n a r y  
im p o r ta n c e  w i t h i n  c a s s i d u l o i d  e c h in o i d s ;  s i n g l e  e x t r a - p e t a l o i d  
p o re s  found i n  o n ly  p o s t - A l b i a n  c a s s i d u l o i d s  ( K i e r , 1 9 6 2 ) ,•
T here  i s  n e e d , t h e r e f o r e , t o  c l a r i f y . t h e  taxonomy o f  th e  
genus and i t s  c o n s t i t u e n t  s p e c i e s ,  N u c l e o l i t e s  s c u t a t u s  Lam arck ,1816, 
i s  h e r e  co n fi rm ed  as  t h e  g e n o ty p e .
1 C) Q u a n t i t a t i v e  m e th o d s '
I n  o r d e r  to  d i s c r i m i n a t e  e f f e c t i v e l y  betw een s p e c i e s ,  
some a s s e s s m e n t  o f  v a r i a t i o n  i s  r e q u i r e d  a t  bo th  i n f r a  and 
i n t e r  s p e c i f i c  l e v e l .
B io m e t r i c a l  methods a r e  ad o p te d  h e r e  be c au se  o f  th e  
p a r t i c u l a r  s u i t a b i l i t y  o f  e c h in o id s  to  s t a t i s t i c a l  a n a l y s i s .
The t e s t  o f  ech inoderm s i s  i n t e r n a l  and so  p r e s e r v e s  more f e a t u r e s  
s u i t a b l e  f o r  s tu d y  th a n  m ost o t h e r  i n v e r t e b r a t e s .  The app roach  
h a s  been  a p p l i e d  to  th e  f o s s i l  s p a ta n g o id  M i c r a s t e r  ( e , g ,  Rowe,1899; 
K erm ack,1954) and to  l i v i n g  s p a ta n g o id s  ( e , g ,  N i c h o l s ,1 9 5 9 ,1 9 6 2 )  
b u t  n o t  s i g n i f i c a n t l y  h i t h e r t o  t o  c a s s i d u l o i d s ,  Roman's (1 9 5 6 ,1 9 5 7 )  
a t t e m p t s  to  d i f f e r e n t i a t e  s p e c i e s  o f  Ech ino lam pas on th e  b a s i s  o f
museum c o l l e c t i o n s  a r e  th e  o n ly  com parab le  s t u d i e s  w i th  r e s p e c t  to  
t h i s  o r d e r .
I D )  Computer t e c h n iq u e s
I t  i s  shown t h a t  a t  l e a s t  56 d i f f e r e n t  m easurem ents may 
be t a k e n  i n  o r d e r  to  c h a r a c t e r i s e  th e  form o f  th e  N u c l e o l i t e s  
t e s t .  H ow ever,15 m easurem ents a r e  u s u a l l y  a d e q u a te  to  d e f i n e  th e  
m orphology o f  a  l o c a l  s p e c i e s  p o p u l a t io n ,
' ib is  s tu d y  d e s c r i b e s  sam ples  r a n g in g  i n  s i z e  from t h r e e
*
to  one hundred  and t h i r t y  t h r e e  s p e c im e n s ,c o m p r is in g  i n  t o t a l  
tw e n ty  two sam ples  a l l o c a t e d  to  t e n  s p e c i e s .  Computer te c h n iq u e s  
a r e  employed to  h a n d le  t h i s  volume o f  d a t a  and pe rfo rm  m u l t id im e n s io n a l  
a n a l y s e s .  The t e c h n iq u e s  th em se lv e s  ( p r i n c i p a l  com ponents , d i s c r i m i n a n t  
f u n c t i o n s , c a n o n i c a l  v a r i â t e s  and c l u s t e r  a n a l y s i s )  a r e  s t a n d a r d  
com puter  p r o c e d u r e s , b u t  have  n o t  been f u l l y  a p p l i e d  to  many 
p a l a e o n t o l o g i c a l  s t u d i e s  i n  t h i s  way.
A l l  s p e c i m e n s / i a t a , l i s t i n g s  o f  com puter  programs RNA,TEST and 
HIGROUP,and a l l  com puter o u tp u t  u sed  in  t h i s  s tu d y  have  been d e p o s i t e d  
i n  t h e  B r i t i s h  Museum-1N a tu ra l  H is to r y ) .B .M .( N .H . )  specim en numbers 
a r e  in c lu d e d  w i th  th e  d a t a .  C opies  o f  com puter  programs a r e  a v a i l a b l e  
from  th e  a u t h o r .
1 E) The genus APATOPYGUS
Apatopygus i s  an  e x t a n t  c a s s i d u l o i d  found  m a in ly  i n  th e  
w a te r s  a round  New Z ea land  and i s  p ro b a b ly  t h e  c l o s e s t  l i v i n g  
d e s c e n d a n t  o f  N u c l e o l i t e s . In d ee d  i t  was f i r s t  d e s c r i b e d  as  
N u c l e o l i t e s  r e c e n s  M ilne  E d w ard s ,1 8 3 6 ,b e c au se  o f  i t s  r e m a rk a b le  
m o rp h o lo g ic a l  s i m i l a r i t y  to  t h e  f o s s i l  fo rm , Hawkins (1920 )  removed 
i t  from N u c l e o l i t e s  b e c au se  o f  t h e  m onobasal a p i c a l  d i s c  i n  th e  a d u l t ,  
s h o r t e r  p e t a l s , a m b u l a c r a l  p l a t e s  beyond t h e  p e t a l s  h a v in g  s i n g l e  p o res  
and th e  p o s s e s s i o n  o f  'p y r in i d *  p l a t i n g .  K ie r  (1962 )  has  f u r t h e r
8
removed th e  genus to  a s e p a r a t e  f a m i l y , t h e  A p a to p y g id a e ,  However,
Oolopygus d 'O rb ig n y  has  s i n g l e  p o res  beyond th e  p e t a l s  and y e t  i s  
r e t a i n e d  as  a  n u c l e o l i t i d  by K ie r .  I t  has  a l s o  been shown r e c e n t l y  
( K i e r , 1974) t h a t  th e  a p i c a l  sy s tem  i s  o n ly  s u p e r f i c i a l l y  monobasal 
in  t h e  a d u l t  o f  A pa topygus , and th e  re m a in in g  c h a r a c t e r s  do n o t  a p p e a r  
to  j u s t i f y  i t s  e x c lu s i o n  to  a s e p a r a t e  m onogeneric  f a m i ly ,
A b i o m e t r i c a l  com parison  between N u c l e o l i t e s  and Apatopygus 
i s  made to  a s s e s s  t h e i r  a f f i n i t i e s  and c l a r i f y  e v o lu t io n a r y  t r e n d s  
l i n k i n g  th e  two g e n e ra .  The p a la e o e c o lo g y  o f  N u c l e o l i t e s  and 
p o s s i b l e  f u n c t i o n a l  s i g n i f i c a n c e  o f  i n t r a s p e c i f i c  v a r i a t i o n  i s  i n f e r r e d  
th ro u g h  th e  known ec o lo g y  o f  i t s  e x t a n t  r e l a t i v e .
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CHAPTER 2 -  STRATIGRAPHY
The genus N u c l e o l i t e s  ra n g e s  i n  age  from th e  upperm ost B a jo c ia n  
to  Cenomanian i n  a g e .  Examples o f  th e  o l d e s t  s p e c i e s , N . l a t i p o r u s  
&Md N .w oodw ard ii , and y o u n g e s t ,N . r o tu n d u s , ( K i e r , 1962) have  been sampled 
i n  th e  p r e s e n t  s tu d y .  F ig u re  2 ,1  sherds th e  s t r a t i g r a p h i e  d i s t r i b u t i o n  
o f  t h e  n in e  s p e c i e s  s tu d i e d  w i th  d e t a i l s  o f  th e  ages  o f  th e  sam ples 
u s e d ,
N u c l e o l i t e s  has  been  c o l l e c t e d  from a number o f  h o r iz o n s  
from  th e  m id d le  J u r a s s i c  to  th e  low er  C re ta c e o u s  i n  England and 
F r a n c e ,  F ig u re  2 ,2  shows th e  l o c a t i o n  o f  a l l  th e  m ajo r  s i t e s  from 
w hich  sam ples  have  been  c o l l e c t e d .  The p r e s e n t  s tu d y  in c lu d e s  a 
museum c o l l e c t i o n  of  N .ro tundus from  th e  Cenomanian o f  N orth  A f r i c a ,  
a l s o  shown i n  th e  i n s e r t .  The e x a c t  l o c a t i o n  o f  th e  E n g l is h  sam ples 
i s  g iv e n  by g r i d  r e f e r e n c e  i n  C h a p te rs  5 to  7 and i n  f i g u r e  2 ,5 ,
The l o c a t i o n s  o f  th e  F ren ch  sam ples  a r e  shown i n  f i g u r e  2 ,3  a  -  c .
A t some l o c a l i t i e s  N u c l e o l i t e s  i s  found o n ly  a t  c e r t a i n  
h o r i z o n s .  F ig u r e  2 ,4  g iv e s  d e t a i l e d  s t r a t i g r a p h i e  s e c t i o n s  o f  th e s e  
l o c a l i t i e s  showing th e  h o r iz o n s  and a s s o c i a t e d  se d im e n ts  i n  w hich 
N u c l e o l i t e s  has  been  fo u n d .  F ig u re  2 ,5  l i s t s  r e f e r e n c e s  which g iv e  
f u r t h e r  s t r a t i g r a p h i e  d e s c r i p t i o n s  o f  t h e s e  l o c a l i t i e s .
F ig u re  2 ,5  a l s o  d e t a i l s  each  sam ple  used  i n  t h e  b io m e t r i c  
a n a l y s e s .  The sam ples  a r e  a r r a n g e d  by s p e c i e s .  The sam ple  name used  
i n  t h e  t e x t , t h e  com puter  c o d e s , s e d im e n ta r y  f a c i e s ,n u m b e r s  o f  specim ens 
c o l l e c t e d  and u sed  and th e  ag e s  a r e  g iv e n  f o r  each  sam p le .  The 
i n i t i a l  l e t t e r  o f  th e  com puter  name i s  u sed  as  a  code to  i d e n t i f y  
spec im ens  o f  p a r t i c u l a r  sam ples  on com puter  p r i n t - o u t .  Where t h e r e  i s  
a  r i s k  o f  c o n f u s io n  be tw een  sam ples  o f  s i m i l a r  nam e,an  a l t e r n a t i v e
11
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name i s  a l s o  l i s t e d .  F u r th e r  d e t a i l s  o f  t h e  s e d im e n ta ry  f a c i e s  and 
p a la e o e c o lo g y  a s s o c i a t e d  w i th  each sample and th e  number o f  specim ens 
c o l l e c t e d  a t  each l o c a l i t y  a r e  g iv e n  under th e  a p p r o p r i a t e  s p e c i e s  
d e s c r i p t i o n  i n  C h a p te r  3 , The column l i s t i n g  numbers o f  specim ens 
r e f e r s  t o  t h e  t o t a l  number o f  N u c l e o l i t e s  c o l l e c t e d  a t  each  l o c a l i t y  
f o r  a p a r t i c u l a r  s p e c i e s .  A lso  in c lu d e d  a r e  th e  number o f  'p e r f e c t *  
spec im ens  found  upon which f i f t e e n  v a r i a b l e s  co u ld  be m easu red . D e t a i l s  
o f  t h e  v a r i a b l e s  a r e  g iv e n  i n  C h a p te r .A .  For many a n a ly s e s  a  l a r g e r  
number o f  specim ens  c o u ld  be u t i l i s e d  a s  a l l  f i f t e e n  v a r i a b l e s  a r e  
n o t  a lw ays  t a k e n  i n t o  a c c o u n t  i n  th e  m u l t i v a r i a t e  com puter p rogram s.
The number o f  ' p e r f e c t *  specim ens t h e r e f o r e  r e p r e s e n t s  t h e  minimum 
number u sed  i n  t h e  a n a l y s i s .  For  b i v a r i a t e  com puter programs a l l  
spec im ens  c o l l e c t e d  a r e  used  i n  a n a l y s e s .
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CHAPTER 3 -  SYSTEMATICS
3 A) I n t r o d u c t i o n
1 .  G e n e ra l  problem s i n  th e  s y s t e m a t i c s  o f  NUCLEOLITES .
I t  has  lo n g  been  r e c o g n i s e d ,p e r h a p s  s i n c e  P o m e l 's  
u n s u c c e s s f u l  a t t e m p t  to  c l a s s i f y  s p e c i e s  o f  N u c l e o l i t e s  i n t o  t e n  
d i f f e r e n t  g e n e ra  ( P om el,1 8 8 3 ) , t h a t  th e  taxonomy o f  t h i s  genus i s  
i n  a much c o n fu se d  s t a t e .  The c o n f u s io n  o r i g i n a t e s  from two m ajor  
f a c t o r s ;  th e  v a r i a b i l i t y  and w id e s p re a d  o c c u r r e n c e  o f  N u c l e o l i t e s  
and th e  lo n g  h i s t o r y  o f  r e s e a r c h  i n t o  th e  gen u s .
S in c e  N u c l e o l i t e s  i s  a v a r i a b l e  g e n u s ,b o th  w id e sp re a d  and 
common i n  many c o u n t r i e s  i n  N,W, E u r o p e ,a u th o r s  o f  many d i f f e r e n t  
n a t i o n a l i t i e s  have  i n d e p e n d e n t ly  d e s ig n a t e d  i n  t o t a l  a  l a r g e  
number o f  s p e c ie s ,m a n y  o f  them p o s s i b l y  synonymous. T here  has  
t h e r e f o r e  been  a lo n g  h i s t o r y  o f  d i s c u s s i o n  i n  t h e  l i t e r a t u r e  
on t h i s  genus ( e . g .  d ’O rb igny  1 8 5 5 ,C o t t e a u  1 8 7 1 ,M o rte n sen  1948,
K ie r  1 9 6 2 ) , i t s  n o m e n c la tu re ,n u m b e r  o f  sp e c ie s ,sy n o n y m o u s  s p e c i e s  
and s t r a t i g r a p h i e  r a n g e .  The v a r i o u s  ' s p e c i e s '  o f  N u c l e o l i t e s  w ere  
o f t e n  d e s c r i b e d  and f i g u r e d  by p r e - L in n a e a n  a u th o r s  and such  
d e s i g n a t i o n s  w ere  f r e q u e n t l y  a c c e p te d  a s  v a l i d  d u r in g  th e  n i n e t e e n t h  
and t w e n t i e t h  c e n t u r i e s  c o n t r a r y  t o  t h e  modern r u l e s  o f  z o o lo g i c a l  
n o m e n c la tu re .  S p e c ie s  , i n c l u d in g  th e  ' t y p e s ' , w e r e  o f t e n  i n a d e q u a te l y  
d e f i n e d  and d e s c r i b e d  b e in g  o r i g i n a l l y  s e t  up  to  encompass g roups 
o f  f o s s i l s  now c o n s id e r e d  t o  b e lo n g  to  d i f f e r e n t  f a m i l i e s .  A 
c o n fu se d  s t a t e  o f  n i n e t e e n t h  c e n tu r y  taxonomy r e s u l t e d  from 
f r e q u e n t  r e d e f i n i t i o n s  o f  t h e  genus N u c l e o l i t e s  ( e . g .  A g a s s iz  &
D esor  1 8 4 7 ,d 'O r b ig n y  1 8 5 5 ,D esor 1857 , and Pomel 1883) and in n u m erab le  
d u p l i c a t i o n  o f  s p e c i e s .
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An a t t e m p t  i s  t h e r e f o r e  made h e r e  to  s o lv e  some o f  th e  
more im p o r ta n t  taxonom ic problem s a s s o c i a t e d  w i th  th e  n u c l e o l i t i d  
e c h in o i d s ,  I n i t i a l l y  t o  e s t a b l i s h  w h e th e r  N u c l e o l i t e s  o r  
E c h i n o b r i s s u s , o r  even bo th  n am es ,sh o u ld  be t a i n e d  a s  th e  g e n e r i c  
name; to  remove from N u c l e o l i t e s  s p e c i e s  b e lo n g in g  to  o t h e r  g e n e ra ;  
and t o  r e d e f i n e , a n d  w here n e c e s s a r y  synonym ise s e l e c t e d  s p e c i e s .
The names N u c l e o l i t e s  and E c h in o b r i s s u s  a r e  t h e  two main 
c o n te n d e r s  f o r  th e  g e n e r i c  t i t l e , a l l  o t h e r  names b e in g  g e n e r a l l y  
a c c e p te d  as  i n v a l i d  o r  u n n e c e s s a ry  ( e . g .  M ortensen  1 9 4 8 ,K ie r  1 9 6 2 ) .  
The c o n t in u e d  u s e  o f  b o th  names a p p e a r s  to  r e s u l t  from co n v e n ie n c e  
and an  u n w i l l i n g n e s s  to  a l t e r  lo n g  e s t a b l i s h e d  names. The r e t e n t i o n  
o f  lo n g  e s t a b l i s h e d  names i s  n o t  i n  i t s e l f  a bad p r a c t i c e  b u t  
c a n n o t  be a c c e p te d  when i t  r e s u l t s  i n  ambiguous and h i g h l y  
s u b j e c t i v e  taxonom ic  c a t e g o r i e s .
T h is  a u th o r  a g r e e s  w i th  C o o k e 's  s h o r t  a n a l y s i s  a c c o r d in g  
to  th e  r u l e s  o f  th e  I n t e r n a t i o n a l  Code o f  Z o o lo g ic a l  N om encla tu re  
( I . C . Z . N . ) , o f  t h e  N u c l e o l i t e s  -  E c h in o b r i s s u s  problem  (C ooke ,1 9 4 6 ) .  
I t  i s  n e c e s s a r y  however to  r e - e x a m in e  th e  p r e - L in n a e a n  l i t e r a t u r e  
i n  a n  e f f o r t  to  u n d e r s t a n d  th e  n i n e t e e n t h  c e n tu r y  c o n c e p t  o f  
N u c l e o l i t e s  a s  r e f e r e n c e  i s  a lw ays  made to  t h i s  e a r l y  l i t e r a t u r e .
I t  i s  a l s o  n e c e s s a r y , i n  such  an  a n a l y s i s , t o  be a b l e  to  d i s t i n g u i s h  
more c r i t i c a l l y  t h e  two im p o r ta n t  and v e ry  s i m i l a r  s p e c i e s  
N , s c u t a t u s  and N . c l u n i c u l a r i s , b o th  used  a s  ty p e s  f o r  t h e  d i f f e r e n t  
g e n e r i c  names N u c l e o l i t e s  and E c h in o b r i s s u s  r e s p e c t i v e l y .
I n  t h e  f o l l o w in g  a c c o u n t  r e f e r e n c e  i s  made to  ' s c u t a t u s * 
and ' c l u n i c u l a r i s ' n u c l e o l i t i d s .  The names a r e  used  o n ly  i n  a 
d e s c r i p t i v e  s e n s e  and a p p ly  to  t h e  g e n e r a l l y  a c c e p te d  form s o f  
N . s c u t a t u s  from  th e  C o r a l l i a n  and N, c l u n i c u l a r i s  from  th e  
I n f e r i o r  O o l i t e , G r e a t  O o l i t e  and C o rn b ra s h ,  The n a m e s ,a t  t h i s
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s t a g e , do n o t  im ply  any s t r i c t  taxonom ic c a t e g o r i e s .
2. P re -L in n a e a n  c o n c e p ts  o f  th e  genus NUCLEOLITES 
The e a r l i e s t  r e f e r e n c e  to  a n u c l e o l i t i d  e c h in o id  i s  t h a t  
o f  P l o t  (1676 p . 92) i n  h i s  N a tu ra l  H i s to r y  o f  O x f o r d s h i r e .  P l o t  
does  n o t  name th e  f o s s i l  and f i g u r e s  i t  w i th  no a n a l  s u l c u s , b u t  
comments on th e  s i m i l a r i t y  betw een C ly p e u s , N u c l e o l i t e s  and M ic r a s t e r  
t h e  t h r e e  "being  f l a t  and d e p re s s e d  on t h e i r  b a ses  hav ing a l s o  
some re s e m b le n c e  o f  a  s t a r  o f  f i v e  p o i n t s , "  He c o n t in u e s  t o  d e s c r i b e  
N u c l e o l i t e s  by com paring  i t  t o  C ly p e u s ,
"Found i n  th e  f i e l d s  a b o u t  I f l e y ,w h o s e  r a y s  l i k e  th o s e  o f  
P o l a r  S to n e  ( C ly p e u s ) a r e  made o f  d o u b le  r a n k s  o f  t r a n s v e r s e  l i n e s ,  
w h e reo f  t h e  o u te r m o s t  a t e  much l o n g e r  and ex ten d  l i k e w i s e  t o  th e  
r im  o f  t h e  s t o n e ;  i t s  s u b s ta n c e  a l s o  l i k e  t h a t  seems t o  be a 
y e l lo w  r u b b l e , b u t  n o t  c a se d  t h a t  I  can  p e r c e iv e  w i th  any such  
l a m in a te d  s u b s t a n c e , o r  ado rned  w i th  a n n u l e t s  ( t u b e r c l e s ) , y e t  th e  
u m b i l ic u s  ( a p i c a l  d i s c )  o f  some o f  t h e m , i t  b e in g  sometim es d iv id e d  
and f o l i a t e d  l i k e  a r o s e , "  ( p r o b a b ly  r e f e r e n c e  t o  th e  l a r g e r  
m a d r e p o r i t e  o f  C lypeus  w hich  o b s c u re s  th e  g e n i t a l  p l a t e s  o f  th e  
a p i c a l  s y s te m ) .
I f l e y  i s  to  t h e  s o u t h - e a s t  o f  Oxford  on C o r a l l i a n  s t r a t a  
so  i t  i s  p robcble  t h a t  t h i s  r e c o r d  d e s c r i b e s  ' s c u t a t u s 's p e c im e n s .
T h is  work i s  f o l lo w e d  two y e a r s  l a t e r  by L i s t e r ' s  l a t i n  
a c c o u n t  o f  'H i s t o r i é  Animalium A n g l i a e '  ( 1 6 7 8 ) , i n  w hich  he  a t t e m p t s  
a  s y s t e m a t i c  c l a s s i f i c a t i o n  o f  known f o s s i l s .  He g roups  e c h in o id s  
w i t h  g a s t r o p o d s  and b e le m n i te s  u n d e r  ' c i r c u l a r  s t o n e s ' , b u t  f u r t h e r  
s e p a r a t e s  r e g u l a r  and i r r e g u l a r  e c h in o i d s ,g r o u p i n g  t o g e t h e r  sp ec im en s  
w hich  would now be a s c r i b e d  t o ' k u c l e o l i t e s " b l y p e u s , k i c r a s t e r  and 
Echinocorys*. A spec im en  w hich  i s  c l e a r l y  Nucl e o l  i t e s  i s  d e s c r ib e d
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u n d e r  T i t u l a r  26 a s  " E c h l n i t e s  e l a p i d e  s e l e n i t e , q u i n i s  r a d i u s  
e d u p l i c i  s e r i e  t r a n s v e r s a ru m  l in e o la r u m  c o n f l a t i s , "  He r e f e r s ,  
w i th  a  q u e s t i o n  m a r k , to  P l o t ' s  f i g u r e  as  P l o t  shows no a n a l  s u l c u s ,  
and s t a t e s  t h a t  i t  i s  found  i n  l a r g e  w h i t i s h  c a l c a r e o u s  s to n e s  
a t  q u a r r i e s  n e a r  Newton Grange f i e l d s .  L i s t e r ' s  e x c e l l e n t  d raw ing  
o f  t h e  spec im en  shows open p e t a l s , a  deep  g roove  a t  t h e  p o s t e r i o r  
b o r d e r , a n d  a s u lc u s  r e a c h in g  th e  a p i c a l  sy s te m . This  p ro b a b ly  
r e p r e s e n t s  a  l a r g e  e lo n g a t e  v a r i e t y  o f  ' c l u n i c u l a r i s ,*a form n o t  
found  i n  ' s c u t a t u s ' p o p u l a t i o n s ,
Llhwyd (1 6 9 8 )  makes a more d e t a i l e d  d e s c r i p t i o n  o f  B r i t i s h  
f o s s i l s  and names many f o r  t h e  f i r s t  t im e .  I n  p a ra g ra p h  988 ( p . 48) 
h e  q u o te s  L i s t e r ' s  o r i g i n a l  L a t i n  d e s c r i p t i o n  o f  " N u c l e o l i t e s "  
and r e f e r s  t o  t h e  specim ens  o f  b o th  L i s t e r  and P l o t , t o  which 
he  g iv e s  t h e  name E c h l n i t e s  c l u n i c u l a r i s , He a l s o  l i s t s  a v a r i e t y  
o f  l o c a l i t i e s  i n  th e  G r e a t  O o l i t e ,C o r n b r a s h  and C o r a l l i a n  o f  
O xford  and N o r t h a m p t o n s h i r e , i n d i c a t i n g  t h a t  h e  made no d i s t i n c t i o n  
be tw een  ' s c u t a t u s 'an d  ' c l u n i c u l a r i s 'fo rm s  and t h a t  th e  o r i g i n a l  
name E»c l u n i c u l a r i s  a p p l i e d  to  b o th  g ro u p s .
I n  t h e  e a r l y  e i g h t e e n t h  c e n tu r y  two Sw iss a u th o r s ,S c h e u c h z e r  
and Lang i n t r o d u c e d  much c o n f u s io n  i n t o  t h e  n o m e n c la tu re  by 
c o n f l a t i n g  th e  fo rm s d e s c r i b e d  by th e  e a r l i e r  E n g l i s h  a u th o r s  
w i th  t h o s e  now r e f e r r e d  to**Mi e r a s  t e r , co n fu s  i o n  w hich  c o n t in u e d  
i n t o  p o s t - L in n a e a n  l i t e r a t u r e .
Thus S c h e u c h ze r  (1702 )  f i g u r e s  a  f o s s i l  s p a n ta g o id  w hich 
h e  c a l l s  E c h l n i t e s  S p a t a g o i d e s ,and  y e t  makes r e f e r e n c e  n o t  o n ly  
t o  t h e  " m i c r a s t e r s "  o f  L i s t e r  and Llhwyd b u t  a l s o  to  L i s t e r ' s  
d e s c r i p t i o n  o f  " N u c leo l  1 1e s " and " Clypeus*,* T h is  l a c k  o f  d i s c r i m i n a t i o n  
be tw een  M i c r a s t e r  and N u c l e o l i t e s  i s  c o n t in u e d  i n  Lang ( 1 7 0 8 ) ,
H is  g e n u s , E c h in i  t e s  c o r d a tu s  s p a ta g o id a e u s  a p p e a r s  t o  be a  s p a ta n g o id
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from  th e  f i g u r e s , b u t  he u se s  L i s t e r ' s  d e s c r i p t i o n  o f  " N u c l e o l i t e s "  
t o  d e s c r i b e  each  o f  t h r e e  s p e c i e s  a s s ig n e d  to  i t .  Of t h e  t h r e e  
s p e c i e s , d i s t i n g u i s h e d  by s i z e  o n l y , t h e  l a r g e r  form i s  r e f e r r e d  to  
L lh w y d 's  " M i c r a s t e r " and S c h e u c h z e r 's  E . s p a t a g o i d o e u s , w h i le  th e  
medium s i z e d  s p e c i e s  i s  r e f e r r e d  to  L lhw yd 's  E . c l u n i c u l a r i s  as  
w e l l  a s  th e  specim ens  o f  L i s t e r  and P l o t ,  He makes no r e f e r e n c e  to  
any  p r e v io u s  l i t e r a t u r e  when d e s c r i b i n g  th e  f i g u r e s  a t t r i b u t a b l e  
t o  N u c le o l i  t e s  w hich  he  names E c h l n i t e s  c o r d a tu s  s u b l u t e u s ,
M orton (1712 )  i n  th e  N a tu ra l  H i s to r y  o f  N o r th a m p to n sh i re  
d e s c r i b e s  t h r e e  ty p e s  o f  e c h in o id  u n d e r  L lhw yd 's  E c h l n i t e s  c ly p e a tu s  
( i . e .  C ly p e u s ) .  He f i g u r e s  a l l  t h r e e  sp e c im en s ;  P l a t e  t e n , f i g u r e  9 
i s  d e s c r i b e d  a s  " a  t h i r d  s o r t  o f  a more r a i s e d  shape"  and i s  ta k e n  
t o  be t h e  E c h in a t a  c l u n i c u l a r i s  o f  L lhw yd,found  n e a r  P e te rb o ro u g h ,  
T h is  p r o b a b ly  r e p r e s e n t s  a ' c l u n i c u l a r i s * form  a s  P e te rb o ro u g h  
i s  a d j a c e n t  t o  B a th o n ia n  s t r a t a , M o r t o n ' s  f i g u r e  a l s o  b e in g  e lo n g a te  
w i t h  t h e  s u l c u s  r e a c h in g  th e  a p i c a l  sy s te m ,
B re y n iu s  (1 7 3 2 )  i n  a n  i m p o r ta n t  work s o l e l y  c o n cern ed  w i th  
e c h in o id s  d e f i n e s  t h e  genus and u s e s  t h e  name E c h in o b r i s s u s  f o r  
t h e  f i r s t  t im e ,m a k in g  r e f e r e n c e  to  L lhw yd ' s  E c h l n i t e s  c l u n i c u l a r i s  
by q u o t in g  th e  name 'L u i d io  c l u n i c u l a r i s ' i n  h i s  d e s c r i p t i o n .  He 
d e s c r i b e s  two s p e c i e s , E c h in o b r i s s u s  p l a n i o r  and E , e l a t i o r  w hich 
l a t e r  a u th o r s  ( e . g . W r i g h t , C o t t e a u )  c o n s id e r  t o  r e p r e s e n t  
' c l u n i c u l a r i s ' and ' s c u t a t u s ' form s r e s p e c t i v e l y ,  B re y n iu s  i s  
t h e r e f o r e  th e  f i r s t  a u t h o r  to  u s e  a s e p a r a t e  g e n e r i c  name f o r  
N u c l e o l i t e s  and t o  d i s t i n g u i s h  betw een  ' c l u n i c u l a r i s ' and ' s c u t a t u s * 
fo rm ^ a l th o u g h  he  r i g h t l y  c o n s id e r e d  b o th  to  r e p r e s e n t  L lhw yd 's  
o r i g i n a l  E , c l u n i c u l a r i s ,
O th e r  e ig h t e e n t h  c e n tu r y  works c o n t a i n i n g  r e l e v a n t  e c h in o id  
m a t e r i a l  i n c l u d e  B ourgue t  (1742 )  who r e p r o d u c e s  many o f  L a n g 's
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f i g u r e s  g iv in g  s h o r t  r e d e s c r i p t i o n s  o f  each t y p e , and D a v i la  (1767) 
who d e s c r i b e s  E c h i n o - s p a t a g i t e s ,a  M ic r a s t e r  from th e  c h a lk .
3. P o s t  -  L innaean  c o n c e p ts  o f  th e  genus NUCLEOLITES
The f i r s t  p o s t - L in n a e a n  a u th o r  to  d e s c r i b e  specim ens o f  
a  n u c l e o l i t i d  e c h in o id  was Leske ( 1 7 7 8 ) .  He f i g u r e s  a l a r g e  
q u a d r a t e  spec im en  u n d e r  th e  s p e c i f i c  name d e p re s s u s  b u t  p la c e d  
i n  t h e  genus Spa tang iis  o f  K le in .  H o w ev er ,h is  d e s c r i p t i o n  o f  th e  
s p e c i e s  in c lu d e d  a l o t  o f  r e f e r e n c e s  to  s p e c i e s  w hich would now 
be a s c r i b e d  t o  both*'N u c l e o l i t e s '*and'*M i c r a s t e r .* He r i g h t l y  i d e n t i f i e d  
h i s  S p a tan g u s  d e p r e s s u s  w i th  bo th  E c h in o b r i s s u s  s p e c i e s  o f  B reyn ius  
and t o  t h e  E c h i n i t e s  c o r d a tu s  s u b lu t e u s  o f  L ang ,and  a l s o  i n c lu d e s  
E . s p a t a g o l d es o f  S cheuchze r ' and E c h i n o - s p a t a g i t e s  o f  D a v i l a ,
L eske  was p o s s i b l y  c o n fu se d  by th e  a n t e r i o r  g roove  o f  M ic r a s t e r  
and L a n g 's  damaged spec im en  o f  N u c l e o l i t e s  w hich had o n ly  f o u r  
v i s i b l e  a m b u la c ra .
L eske  a l s o  d e s c r i b e s  a n o th e r  s p e c i e s  S .s u b g lo b o s u s , a n  
o b v io u s  s p a ta n g o id  to  w hich he  r e f e r s  n o t  o n ly  th e  E c h in o sp a tan g u s  
c o r d i f o r m is  o f  B r e y n iu s ,a n d  a  s p a ta n g o id  o f  M o r to n ,b u t  a l s o  th e  
n u c l e o l i t i d  specim ens  o f  L i s te r ,L lh w y d ,M o r to n  and Lang a l r e a d y  
in c lu d e d  by B re y n iu s  i n  E c h i n o b r i s s u s . Thus a l th o u g h  Leske i s  th e  
f i r s t  p o s t - L in n a e a n  a u th o r  t o  d e s c r i b e  s p e c i e s  o f  N u c l e o l i t e s  
( i . e . S .d e p r e s s u s ) , h i s  g e n e r i c  c o n c e p t  i s  c o n fu s e d .  He s e p a r a t e s  
t h e  E c h in o b r i s s u s  o f  B re y n iu s  from  th e  E . c l u n i c u l a r i s  o f  Llhwyd, ' 
a l t h o u g h  t h e s e  w ere  p r e v i o u s l y  g rouped  by B r e y n iu s ,a n d  a l s o  in c lu d e d  
w i t h i n  h i s  s p e c i e s  a p p a r e n t l y  h e a r t - s h a p e d  fo rm s o f  q u i t e  
d i f f e r e n t  g e n e r a .  In d eed  o n ly  B ru g u ie re  (1 7 9 1 ) ,S c h lo th e im  (1820)  
and B l a i n v i l l e  ( 1 8 3 0 ,1 8 3 4 ) ,have  u sed  th e  name N u c l e o l i t e s  d e p r e s s a . 
The name t h e r e f o r e  can  s a f e l y  be s u p p re s s e d ,b e c o m in g  a nomen
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o b i i tu rn  ( I .C .Z .N ,  A r t i c l e  23 b ) .
At th e  b e g in n in g  o f  th e  n i n e t e e n t h  c e n tu r y  Lamarck u ses  
th e  g e n e r i c  name N u c l e o l i t e s  f o r  t h e  f i r s t  t im e  i n  h i s  Système 
des  Animaux sa n s  V e r te b r e s  ( 1 8 0 1 ) .  H is d e s c r i p t i o n  r e a d s
"C orps  o v a le  ou c o rd i fo rm e  g a r n i  des  p l u s i e u s  r a n g é e s  
des  p r è s  q u i  fo rm e n t  des  am bu lac re s  c o m p l e t e s , r a y o n n a n t  du 
somment \  l a  b a s e .  Bouche s u b c e n t r a l e , a n u s  a u -d e s s u s  du bord.**
He makes no r e f e r e n c e  to  e a r l i e r  works and i s  a p p a r e n t l y  unaware 
o f  E c h i n o b r i s s u s  o f  B re y n iu s ,
Lamarck (1816 )  f u r t h e r  expands h i s  work by r e d e s c r i b i n g  
h i s  genus and n o te s  (my t r a n s l a t i o n )  " t h e  n u c l e o l i t e s , f r o m  th e  
p o s i t i o n  o f  t h e  anus c l o s e l y  r e s e m b le  t h e  c a s s i d u l i d s , t h e y  however 
h av e  in c o m p le te  am b u lac ra  w hich d i s t i n g u i s h  them w hereas  i n  th e  
n u c l e o l i t e s  t h e  am b u la c ra  r a d i a t e  from  th e  summit to  th e  b a s e , " ,
He t h e r e f o r e  o b s e rv e s  t h a t  t h e  more p e t a l o i d  am b u lac ra  o f  th e  
c a s s i d u l o i d s  d i s t i n g u i s h  them from  th e  n u c l e o l i t i d s  w i th  t h e i r  
16ng open p e t a l s .  Lamarck d e s c r i b e s  f o u r  s p e c i e s , t h e  f i r s t  o f  
w h ic h ,N u c l e o l i t e s  s c u t a t a  i s  d e s c r i b e d  a s  ' e l l i p t i c a l , s u b q u a d r a t e ,  
c o n v e x o -d e p re s se^d,broad p o s t e r i o r , f i v e  co m p le te  a m b u la c ra ,a n u s  
d o r s a l , '  To t h i s  s p e c i e s , t h e  ty p e  s p e c i e s  o f  N u c l e o l i t e s , he 
r e f e r s  to  E c h i n o b r i s s u s  p l a n i o r , S p a tangus  d e p re s s u s  and E c h i n i t e s  
c o r d a t u s  s u b lu t e u s  a s  s y n o n y m s ,a g a in  g ro u p in g  p ro b a b le  ' s c u t a t u s ' 
and ' c l u n i c u l a r i s ' fo rm s u n d e r  a  s i n g l e  s p e c i f i c  name. He a l s o  
l i s t s  a  second  v a r i e t y  t o  w hich  he  r e f e r s  E c h in o b r i s s u s  e l a t i o r  
o f  B r e y n iu s ,
Lamarck i s  t h e r e f o r e  t h e  a u th o r  o f  N u c l e o l i t e s  s i n c e  he  
i s  t h e  f i r s t  p o s t - L in n a e a n  a u th o r  t o  u s e  a  s e p a r a t e  g e n e r i c  name 
f o r  t h i s  g r o u p ,o f  w hich  th e  f i r s t  d e s c r i b e d  s p e c i e s  i s  N u c l e o l i t e s  
s c u t a t u s .  The o n ly  o t h e r  p o s t - L in n a e a n  a u th o r  t o  w hich Lamarck
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r e f e r s  i s  L eske ,w hose  f i g u r e  ( L e s k e ,1 7 7 8 : p l a t e  61) r e p r e s e n t s  
t h e  ty p e  f o rm ,a  l a r g e  q u a d r a t e  form found among i n d i v i d u a l s  
o f  ' s c u t a t u s  * ( s e c  a l s o  W right 1 8 5 9 ,C o t t e a u  1 8 7 1 ) ,
The f i r s t  p o s t - L in n a e a n  a u th o r  t o  u se  t h e  name E c h in o b r i s s u s  
i s  Gray ( 1 8 2 5 ) ,  H is d e s c r i p t i o n  i s  a  d i r e c t  t r a n s l a t i o n  o f  L am arck 's  
o r i g i n a l  d e f i n i t i o n  o f  N u c l e o l i t e s  o f  1801 , G r a y 's  d e s c r i p t i o n  
r e a d s : -  "Body o v a te  o r  c o r d i f o r m , r a t h e r  convex g rooved  i n  f r o n t ,  
am b u la c ra  t e n  i n  p a i r s  r a d i a t i n g  w i t h o u t  i n t e r r u p t i o n  from  v e r t e x  
t o  m outh . Mouth s u b c e n t r a l  anus d o r s a l , "  His f i r s t  d e s c r i b e d  
s p e c i e s , a n d  t h e r e f o r e  g en o ty p e  i s  N u c l e o l i t e s  s c u t a t u s  Lamarck 
t o  w hich  he  r e f e r s  E c h in o b r i s s u s  p l a n i o r  o f  B re y n iu s ,
E c h i n o b r i s s u s  Gray i s  c l e a r l y  t h e r e f o r e  a  j u n i o r  o b j e c t i v e  
synonym o f  N u c l e o l i t e s  L am arc k ,b o th  h a v in g  th e  same g en o ty p e  
N u c l e o l i t e s  s c u t a t u s  Lam arck, The name N u c l e o l i t e s  Lamarck became 
w e l l  e s t a b l i s h e d  d u r in g  th e  f i r s t  h a l f  o f  t h e  n i n e t e e n t h  c e n tu ry J  
im p o r t a n t  r e d e s c r i p t i o n s  a r e  g iv e n  by Eudes Deslongchamps 1824 , 
D e f ra n c e  e t  a l .  l 8 2 5 ,G o ld f u s s  1 8 2 6 ,B l a i n v i l l e  1830 and A g a s s iz  1839 , 
D 'O rb ig n y  (1 8 5 4 )  how ever ,  r e s t o r e d  th e  g e n e r i c  name E c h in o b r i s s u s  
B re y n iu s  on th e  g rounds  t h a t  when Lamarck d e f i n e d  N u c l e o l i t e s  
he  was unaw are  o f  t h e  e a r l i e r  d e s c r i p t i o n  by B reyn iu s ,w ho  i s  
t h e r e f o r e  th e  s e n i o r  a u t h o r ,T h i s  i n t e r p r e t a t i o n  was a c c e p te d  by 
D eso r  ( 1 8 5 7 ) , W righ t (1 8 5 9 )  and C o t t e a u  ( 1 8 5 6 ) , a l l  o f  whom r e v e r s e d  
t h e  n o m e n c la tu re  o f  t h e i r  p r e v io u s  p u b l i c a t i o n s ,
D eso r  (1857 )  u se d  d 'O r b i g n y ' s  r e s t o r a t i o n  o f  E c h in o b r i s s u s  
b u t  a l s o  k e p t  th e  name N u c l e o l i t e s  b e c au se  o f  i t s  p o p u la r  u sagg  
and a t t e m p te d  t o  r e d e f i n e  t h e  genus i n  o r d e r  t o  d i s t i n g u i s h  i t  
from  E c h i n o b r i s s u s , f o l l o w i n g  A g a s s iz  and D esor  (1 8 4 7 ) ,  The 
im p o r ta n t  p o i n t s  o f  D e s o r ' s  r e d e s c r i p t i o n  a r e  t h a t  N u c l e o l i t e s  
i s  s m a l l , l o n g ;  p e t a l s  l a n c e o l a t e , s t r a i g h t  p o r i f e r o u s  z o n e s ,c o n j u g a t e
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p o r e s ;  summit a lw ays e c c e n t r i c  a n t e r i o r l y ;  s u lc u s  n e v e r  r e a c h e s  
t h e  sum m it. P e r is to m e  e c c e n t r i c  a n t e r i o r l y , p e n t a g o n a l , t r a n s v e r s e  
o r  o b l i q u e , f l o s c e l l e  r u d im e n ta ry  w i th o u t  b o u r r e l e t s ;  r a n g e  
C re ta c e o u s  to  T e r t i a r y ,  The d e f i n i t i o n , a g e  r a n g e  and s p e c i e s  
in c lu d e d  w i t h i n  t h e  genus i n d i c a t e  t h a t  D esor was r e f e r r i n g  l a r g e l y  
t o  N u c le o p y g u s , a l t h o u g h  he had used  th e  name Nucleopygus e a r l i e r  
i n  h i s  w ork . T h is  u s e  o f  N u c l e o l i t e s  i s  c o n t r a r y  to  I , C , Z , N . ,  
i n  t h a t  N u c l e o l i t e s iiis an  o c c u p ie d  n a m e ,u n a v a i l a b le  f o r  r e d e f i n i t i o n ,  
D e s o r ' s  d i s t i n c t i o n  betw een N u c l e o l i t e s  and E c h in o b r i s s u s  on th e  
p r e s e n c e  o r  a b s e n c e  o f  c o n ju g a t e  p o res  c a n n o t  be m a i n t a i n e d ,a s  
t h i s  c h a r a c t e r  i s  s e e n  t o  be v a r i a b l e  i n  s i n g l e  spec im ens  as  
p o i n t e d  o u t  by A ,A g a ss iz  (1872 )  and Duncan ( 1 8 3 7 ) ,
H o w e v e r ,d e s p i te  t h i s  a r b i t r a r y  u s e  o f  g e n e r i c  names th e  
m is c o n c e p t io n  o f  t h e  e x i s t a n c e  o f  two s e p a r a t e  g e n e ra  h as  p e r s i s t e d  
to  r e l a t i v e l y  r e c e n t  t i m e s ,w i t h  t h e  c o n t in u e d  m isu se  o f  th e  name 
N u c l e o l i t e s  i n  t h e  s e n s e  o f  D esor  ( e . g .  C o t t e a u  and T r i g e r  1867 ,
A .A g a ss iz  1872)  o r  a  f u r t h e r  r e d e f i n i t i o n  ( e . g ,  Pomel 1883,
Lam bert  and T h i l r y  1 9 2 1 , Z i t t e l  1 8 7 9 ) ,  Many a u th o r s  ( e , g ,  A .A g a ss iz  1872, 
C o t t e a u  1 8 7 1 ,Duncan 1 8 8 7 ,M o rte n se n  1948) have  a d m i t t e d  t h e  in a d e q u a c ie s  
o f  any  d i s t i n c t i o n  betw een  E c h i n o b r i s s u s  and N u c l e o l i t e s  and y e t  ' 
b e c a u se  o f  t h e  g r e a t  number o f  s p e c i e s  i t  i s  p r a c t i c a l  
to  l^ e p  t h e s e  g e n e r a ,e v e n  though i t  may i n  s e v e r a l  c a s e s  be 
q u e s t i o n a b l e  t o  w hich  o f  them some s p e c i e s  s h o u ld  be r e f e r r e d ’* 
(M o r te n se n  1 9 4 8 ,p , 1 7 3 ) .  Such i n t e r p r e t a t i o n s  a r e  n e i t h e r  h e l p f u l  
t o  taxonomy n o r  v a l i d  u n d e r  t h e  r u l e s  o f  t h e  I n t e r n a t i o n a l  
Code o f  Z o o lo g ic a l  N o m e n c la tu re ,a n d  t h e r e f o r e  one g e n e r i c  name 
o n ly  m ust be u s e d ,
4 .  Summary
I t  i s  a p p a r e n t  t h a t  o n ly  one g e n e r i c  name i s  a p p l i c a b l e  
t o  t h i s  g ro u p  o f  n u c l e o l i t i d  e c h i n o i d s , a  v iew  s u p p o r te d  by
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W righ t 1 8 5 9 ,B e u r le n  1 9 3 3 ,Cooke 1 9 4 6 ,Durham & M e l v i l l e  1957 and 
K ie r  1 9 6 2 ,a l t h o u g h  W righ t and B e u r le n  s u p p re s s e d  N u c l e o l i t e s  
i n  f a v o u r  o f  E c h i n o b r i s s u s .However i t  h a s  been shown t h a t  
N u c l e o l i t e s  Lamarck 1801 i s  w i th o u t  d o u b t  th e  s e n i o r  name and 
t h a t  E c h in o b r i s s u s  Gray 1 8 2 5 , th e  f i r s t  p o s t - L in n a e a n  u s e  o f  t h i s  
n a m e , i s  a  j u n i o r  o b j e c t i v e  synonym. The g e n e r a l l y  a c c e p te d  
a u t h o r s h i p  o f  E c h in o b r i s s u s  B reyn iu s  i s  i n v a l i d  u n d e r  A r t i c l e  50 
a s  t h e  name i s  p r e - L in n a e a n  and n o t  a v a i l a b l e  u n d e r  A r t i c l e  11 ( a ) ,  
I t  can  a l s o  be shown t h a t  th e  g e n e r a l l y  a c c e p te d  ty p e  
s p e c i e s  o f  E c h i n o b r i s s u s , E . c l u n i c u l a r i s , i s  a j u n i o r  s u b j e c t i v e  
synonym o f  N u c l e o l i t e s  s c u t a t u s ,  t h e  g en o ty p e  o f  N u c l e o l i t e s  
( s e e  p. 62 ) .
3 B) The genus NUCLEOLITES
O rd e r  C a s s id u l o i d a  C l a u s , 1880 
F am ily  N u c l e o l i t i d a e  A g a s s iz  & D e s o r ,1847
Remarks
The f a m i ly  name ’N u c l e o l i d e s ' was f i r s t  p roposed  by 
A g a s s iz  and D esor  (1 8 4 7 )  a n d ,a l t h o u g h  n o t  a l a t i n i z e d  n a m e ,th e  
p r e s e n t  a u th o r  d i s a g r e e s  w i t h  M ortensen  (1 9 4 8 :1 1 9 )  t h a t  i t  
t h e r e f o r e  has  no l e g a l  p r i o r i t y  a g a i n s t  d 'O r b i g n y ' s  (1855)  
c o r r e c t l y  l a t i n i z e d  form  E c h i n o b r i s s i d a e ,  A r t i c l e  l i e  ( i i )  and 
( i i i )  o f  I .C ,Z ,N ,  s t a t e s  t h a t  a  f a m i ly  g ro u p  p u b l i s h e d  b e f o r e  
1 9 0 0 ,b u t  n o t  l a t i n i z e d , i s  s t i l l  a v a i l a b l e  i n  p r o p e r l y  amended 
fo rm . The name N u c l e o l i t i d a e  i s  t h e r e f o r e  a d o p te d  h e r e , f o l l o w i n g  
K ie r  ( 1 9 6 2 ,1 9 6 6 ) ,
N u c l e o l i t i d a e  and E c h i n o b r i s s i d a e  a p p e a r  to  be t h e  o n ly  
two names t h a t  h av e  been  u se d  f o r  t h e  f a m i ly .
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Genus N u c l e o l i t e s  L am arck ,1801 (non  D e s o r ,1857) 
Synonymy
1825 E c h in o b r i s s u s  G ray , p . 429.
1883 C l i to p y g u s  Pomel, p . 59,
1883 H olcaepygus Pomel, p . 59 , '
1883 Notopygus Pomel, p . 59.
1883 Lophopygus Pomel p . 59.
1883 C lu n ic u iu s  Pomel, p . 59,
1883 Acromazus Pomel, p . 59 
1883 Thigopygus Pomel, p . 59,
1883 Taphropygus Pomel, p . 59,
The g e n e r i c  names o f  Pomel ( 1 8 8 3 ) ,w i th  t h e  e x c e p t io n  o f  
C l i t o p y g u s ,h a v e  n e v e r  been  g e n e r a l l y  a c c e p t e d .  However, becau se  
o f  t h e  lo n g  h i s t o r y  o f  t h e  genus and th e  f r e q u e n t  m isu se  o f  th e  
name E c h i n o b r i s s u s  i n  th e  l i t e r a t u r e  b o th  N u c l e o l i t e s  and 
E c h i n o b r i s s u s  a r e  l i s t e d  h e r e  i n  d e t a i l e d  synonymy,
1732 E c h i n o b r i s s u s ; B r e y n iu s ,  p . 62,
Lam arck, pp347,1801 N u c l e o l i t e s  
1816 " ; Lam arck, v . 3 ,  p . 36 ,
1824 "  ; Eudes D eslongcham ps, p ,5 7 0 ,
1825 "  ; D e f r a n c e ,  p . 213 ,
1825 E c h i n o b r i s s u s ; G ray ,  p . 429,
1826 N u c l e o l i t e s ; G o ld f u s s ,  p ,1 3 7 ,
1830 *• ; B l a i n v i l l e ,  p , l 88 ,
1834 "  ; B l a i n v i l l e ,  p ,2 0 6 ,
1836 ** ; A g a s s iz ,  p ,1 9 ,
1837 ** ; B ronn, v . l ,  p ,2 8 1 ,
1837 ** ; D e sm o u lin s ,  p ,3 5 6 .
1839 ” ; A g a s s iz ,  p .3 9 .
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1840
1840
1847
1854
1855 
1855 
1857 
1859 
1862 
1867 
1871
1871
1872
1873
1874 
1879 
1879 
1881 
1883 
1883 
1883 
1887 
1889 
1891 
1898
1903
1904
1913
1921
N u c l e o l i t e s ; A g a s s iz ,  p . 4 ,
’* ; D u j a r d i n ,  v . 3 ,  p ,3 4 1 .
"  (non  Type B); A g a s s iz  & D e so r ,  p . 95,
E c h i n o b r i s s u s ; d 'O r b ig n y ,  p . 24,
** ; d 'O r b ig n y ,  v . 6 , p ,3 8 8 ,
N u c l e o l i t e s ; A ra d a s ,  p ,1 2 .
E c h in o b r i s s u s
E c h in o b r i s s u s
E c h in o b r i s s u s
D e so r ,  p ,2 5 7 ,
W rig h t ,  p . 331,
D u ja r d in  & H up /,  p , 578,
C o t t e a u  & T r i g e r ,  p . 418,
C o t t e a u ,  V . 9 ,  p . 2 3 3 ,
D esor & L o r i o l ,  p ,3 0 5 ,
A g a s s iz ,  p , l 0 8 ,
L o r i o l ,  p . 254,
Q u e n s t e d t ,  p , 4 3 3 ,
Z i t t e l ,  p ,5 2 9 ,
Z i t t e l ,  p ,5 2 8 ,
C o t t e a u ,P e r o n  & G a u t h i e r ,  p ,1 6 1 ,  
C o t t e a u ,  p , l 0 8 ,
Pom el, p ,5 8 .
N u c l e o l i t e s ; Pom el, p ,5 7 ,  
E c h i n o b r i s s u s ; Duncan, p ,4 2 9 ,
** ; G a u t h i e r ,  p ,4 7 ,
** ; Duncan, p ,1 5 7 .
N u c l e o l i t e s L am b er t ,  p ,2 5 ,
D e la g e  & H e ro u a rd ,  p ,2 6 4 ,
M e is s n e r ,  p ,1 3 8 5 ,
J a c k s o n ,  p ,2 8 9 ,
Lam bert & T h ie r y ,  p ,2 4 4 .
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1,921 E c h in o b r i s s u s  ;Lambort & T h ie r y ,  p . 343,
1932 "  Î M e rc ie r ,  p . 227,
1933 ** ; B e u r le n ,  p . 31.
1935 N u c l e o l i t e s ; S m ise r ,  p . 50 ,
1936 " ; Maury, p . 276 ,
1946 "  ; C la r k ,  p . 354.
1946 " ; Cooke, p . 222,
1948 " Î M o rte n sen ,  p . 175 ,
1948 E c h i n o b r i s s u s ; M o rte n sen ,  p ,1 7 1 ,
1957 N u c l e o l i t e s ; Durham & M e l v i l l e ,  p ,2 6 9 ,
1962 ** ; K i e r ,  p ,5 6 ,
1966 "  ; K i e r ,  p ,5 0 1 .
Type s p e c i e s
N . s c u t a t u s  Lamarck 1 8 1 6 ,by s u b s e q u e n t  d e s i g n a t i o n ,
L a m b e r t ,1 8 9 8 ,p . 168 ,
N . s c u t a t u s  i s  t h e  f i r s t  s p e c i e s  d e s c r i b e d  by Lamarck 
u n d e r  h i s  genus N u c l e o l i t e s . Two o t h e r  s p e c i e s  l i s t e d  i n  th e  
e a r l i e r  (Lamarck 1801) work a r e  n o t  d e s c r i b e d  b u t  a r e  s t i l l  
a v a i l a b l e  u n d e r  I .C .Z .N .  A r t i c l e  16 a ( v ) .  H ow ever ,the  names have  
n o t  been  u sed  s i n c e  1801 and each  becomes a nomen o b i i tu rn  unde r
A r t i c l e  236 ,
D e s c r i p t i o n
Sm all  t o  medium s i z e  c a s s i d u l o i d  e c h in o i d ;  t e s t  o v a l ,  
round  o r  s u b q u a d r a t e ;  g r e a t e s t  w id th  p o s t e r i o r  to  c e n t r e ;  
m o d e r a te ly  i n f l a t e d ;  am b u lac ra  p e t a l o i d , p e t a l s  lo n g ,o p e n  and f l u s h  
w i th  t e s t ;  t h e  o u t e r  p o re  e l o n g a t e , t h e  i n n e r  p o re  sm a l l  and round ; 
a m b u la c ra l  p l a t e s  d o u b le  pored  beyond p e t a l s ;  p h y l lo d e s  l i t t l e  
d e v e lo p e d ,n a r ro w  w i th  two s e r i e s  o f  p o re s  i n  each  h a l f  ambulacrum. 
A p ic a l  sy s tem  c e n t r a l  o r  a n t e r i o r , t e t r a b a s a l  w i th  o r
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w i t h o u t  com plem entary  o r  c a t e n a l  . p l a t e s ;  v e ry  v a r i a b l e  i n  form , 
P e r i p r o c t  s u p ra m a rg in a l  i n  a deep  s u lc u s  e x te n d in g  from 
th e  p e r i p r o c t  to  th e  p o s t e r i o r  b o r d e r ;  p e r i p r o c t  may be i n  
c o n t a c t  w i th  t h e  a p i c a l  sys tem  o r  some d i s t a n c e  from i t  and may 
n o t  be v i s i b l e  from  th e  a b o r a l  s u r f a c e ;  a r e a  betw een th e  a p i c a l  
sy s tem  and p e r i p r o c t  may be a d e p r e s s io n  o r  g r o o v e ,a  c o n t i n u a t i o n  
o f  t h e  a n a l  s u l c u s , o r  f l a t  i f  t h e  p e r i p r o c t  i s  w id e ly  s e p a r a te d  
f rom  th e  a p i c a l  sy s te m .
P e r is to m e  p e n t a g o n a l , a n t e r i o r  d e p r e s s e d ,w i th  no b u c c a l  
p o re s  o r  b o u r r e l e t s .
T u b e r c le s  p e r f o r a t e , c r e n u l a t e , l a r g e r  a d o r a l l y  th a n  a b o r a l l y .  
D i s t i n g u i s h i n g  F e a tu r e s
I n  g e n e r a l  m orphology N u c l e o l i t e s  i s  m ost s i m i l a r  t o  
P h y l l o b r i s s u s  b u t  i s  d i s t i n g u i s h e d  by i t s  more o v a l ,w id e r  t e s t ,  
more a n t e r i o r  p e r i p r o c t ,  l a c k  o f  b o u r r e l e t s , and a g e n e r a l l y  l e s s  
w e l l  d e v e lo p e d  f l o s c e l l e .
The f l o s c e l l e  a l s o  d i s t i n g u i s h e s  N u c l e o l i t e s  from  
Clypeopygus i n  w hich th e  p h y l lo d e s  a r e  b road  and b o u r r e l e t s  w e l l  
d e v e lo p e d .  The t e s t  o f  C lypeopygus i s  d e p re s s e d  a s  opposed to  
t h e  i n f l a t e d  t e s t  o f  N u c l e o l i t e s ,
Range -
M idd le  J u r a s s i c  ( B a jo c i a n )  t o  Upper C re ta c e o u s  (Cenomanian) 
o f  E u ro p e ,N o r th  A f r i c a  and M alagasy ,
D i s c u s s i o n
N u c l e o l i t e s  h a s  been  shown ( e , g , K i e r  1962) t o  be c l o s e l y  
r e l a t e d  t o  C lypeus  b u t  i s  d i s t i n g u i s h e d  from  i t  a s  C lypeus  has  
a  c e n t r a l  a p i c a l  sy s te m ,w id e  p e t a l s  and b ro a d e r  p o r i f e r o u s  zones, 
and a t e s t  u s u a l l y  w id e r  t h a n  l o n g . C lypeus  a l s o  has  a  w e l l  
d e v e lo p e d  f l o s c e l l e , w i t h  l o n g e r  p h y l lo d e s  c o n t a i n i n g  t h r e e  s e r i e s
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o f  p o res  i n  each  b a l f  ambulacrum and more d i s t i n c t  b o u r r e l e t s ,  
M o rten sen  (1948)  r i g h t l y  p o in t s  o u t  t h a t  l a r g e r  forms 
o f  C lypeus  a r e  e a s i l y  d i s t i n g u i s h a b l e  from  N u c l e o l i t e s  a s  no 
n u c l e o l i t i d s  grow t o  a s i z e  com parab le  w i th  t h e  m a j o r i t y  o f  
C lypeus  s p e c i e s .  However, some sm a l l  s p e c i e s  a r e  l e s s  e a s i l y  
p la c e d  i n t o  e i t h e r  genus becau se  o f  th e  i n t e r m e d i a t e  n a t u r e  
o f  some c h a r a c t e r  d i s t i n g u i s h i n g  th e  l a r g e  c l y p e i i d s  from 
N u c l e o l i t e s , In d ee d  many g e n e ra  o f  th e  C ly p e id a e  and N u c l e o l i t i d a e  
h av e  c h a r a c t e r s  i n t e r m e d i a t e  be tw een  th e  two f a m i l i e s  ( K ie r  1 9 6 2 ) ,  
e , g ,  A s t r o la m p a s , B o th ry o p n e u s te s  and C ly p eo p y g u s . K ie r  (1962)
acknow ledges  t h i s  c l o s e  r e l a t i o n s h i p  a t  t h e  f a m i ly  and g e n e r i c  
l e v e l s  be tw een  th e  two g ro u p s ,a n d  th e  i n t e r m e d i a t e  c h a r a c t e r  o f  
many o f  th e  s p e c i e s .  H ow ever,he  th e n  in c l u d e s  some s p e c i e s  i n  
N u c l e o l i t e s  t h a t  c l e a r l y  r e s e m b le  C ly p e u s ,
An example i s  N .am pius A g a s s i z , a  s p e c i e s  w i th  widè, - 
p o r i f e r o u s  z o n e s , e lo n g a t e  s l i t - l i k e  o u t e r  p o r e s , c e n t r a l  a p i c a l  
d i s c , l o n g  p h y l lo d e s  o f t e n  w i th  t h r e e  s e r i e s  o f  p o re s  i n  each 
h a l f - a m b u la c r a  and b o u r r e l e t s .  The p e r i s to m e  i s  a l s o  s t a r - s h a p e d  
a s  i n  C ly p e u s , t h e  f l o s c e l l e  b e in g  w e l l  d e v e lo p e d ,  K ie r  h as  in c lu d e d  
t h i s  and o t h e r  ambiguous s p e c i e s  i n  N u c l e o l i t e s  by expand ing  th e  
norm al g e n e r i c  d e s c r i p t i o n  t o  i n c l u d e  form s w i t h  m o d e ra te ly  
d e v e lo p e d  b o u r r e l e t s .  However a l l  e a r l y  a u th o r s  have  used  th e  
l a c k  o f  b o u r r e l e t s  i n  N u c l e o l i t e s  t o  d i s t i n g u i s h  i t  from  o t h e r  
g e n e r a .  In d ee d  B l a i n v i l l e  ( 1 8 3 0 ) , p e rh a p s  t h e  f i r s t  a u th o r  t o  
d e s c r i b e  C lypeus  ( E c h in o c ly p e u s  o f  B l a i n v i l l e )  and N u c l e o l i t e s  
i n  t h e  same work d i s t i n g u i s h e s  f i v e  d eep  g ro o v es  a round  th e  mouth 
i n  C lypeus  b u t  does  n o t  r e c o g n i s e  such  f e a t u r e s  i n  N u c l e o l i t e s , 
A g a s s iz  (1 8 3 9 )  a l s o  u s e s  t h e  p r e s e n c e  and a b s e n c e  o f  b o u r r e l e t s  
t o  d i s t i n g u i s h  betw een t h e  two g e n e r a ,  A g a s s iz  and D esor  ( 1 8 4 7 ) ,
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d ’O rb igny  (1855 )  and D esor (1857 )  u s e  th e  a b s e n c e  o f  b o u r r e l e t s
i n  N u c l e o l i t e s  to  d i s t i n g u i s h  i t  from  C a to p y g u s , C lypeopygus ,and
C lypeus  and C lypeopygus r e s p e c t i v e l y .  C o t t e a u  (1871)  f u r t h e r  s t a t e s
t h a t  E c h in o b r i s s u s  has  no f l o s c e l l e , i s  l e s s  p e t a l o i d  and h as  a   /
more a n t e r i o r  a p i c a l  d i s c , c h a r a c t e r s  w hich he  u se s  to  d i f f e r e n t i a t e  
t h i s  genus from  C ly p e u s .
However even  th e  a b sen c e  o r  p re s e n c e  o f  b o u r r e l e t s  i s  
open t o  i n t e r p r e t a t i o n  by i n d i v i d u a l  a u t h o r s ;  f a i n t l y , p o o r l y  o r  
m o d e r a te ly  d e v e lo p e d  b e in g  v a r i o u s  i n t e r m e d i a t e  c o n d i t i o n s .
C l e a r l y , t h e r e f o r e , s i n g l e  m o rp h o lo g ic a l  f e a t u r e s  sh o u ld  n o t  
be u se d  a s  d e f i n i t i v e  c h a r a c t e r i s t i c s  to  d i s t i n g u i s h  betw een such  
c l o s e l y  r e l a t e d  g r o u p s .
See below f o r  a  n u m e r ic a l  a n a l y s i s  o f  th e  d i f f e r e n c e s  
and a f f i n i t i e s  be tw een  N .am p lus , N .w oodwardii  and o t h e r  N u c l e o l i t e s  
s p e c i e s ,
3 C) S p e c ie s  d e s c r i p t i o n s
N u c l e o l i t e s  s c u t a t u s  Lam arck, 1816 
( P l a t e  1 , f i g . l a - d  )
D e s c r i p t i o n  o f  t h e  ty p e  s p e c i e s  
Synonymy
L i s t e d  i in  synonymy f o r  t h e  genus and s p e c i e s  d e s c r i b e d  
h e re in  a r e  a l l  r e f e r e n c e s  w hich  c o n t r i b u t e  s i g n i f i c a n t  d a t a  on th e  
m o rp h o lo g y ,n o m e n c la tu re ,s t r a t i g r a p h i e  r a n g e  and g e o g r a p h ic a l  
d i s t r i b u t i o n  o f  t h e  t a x a  c o n c e rn e d .  O th e r  m inor  r e f e r e n c e s  have  
been  o m i t te d  f o r  b r e v i t y , o r  w here  s p e c i e s  i d e n t i f i c a t i o n s  co u ld  
n o t  be v e r i f i e d  from  p u b l i s h e d  d e s c r i p t i o n s  o r  museum c o l l e c t i o n s ,
1676 P l o t , p . 9 2 , t a b l e  i i , f i g , 1 2
1693 E c h i n i t e s  c l u n i c u l a r i s  ( i n  p a r s )  L lh w y d ,p ,48,
3.7
1708 E c h i n i t e s  c o rd a tu s  s u b lu t e u s  L a n g ,p . 3 2 0 ,p i , 3 5 , f i g s  1 - 2 .
1732 E c h i n b r i s s u s  e l a t i o r  B r e y n i u s , p . 6 3 ,p i . 6 , f i g . 3.
1778 S pa tangus  d e p re s s u s  ( i n  p a r s )  L e s k e , p . 2 3 8 ,p i . 5 1 , f ig S  1 - 2 ,  
1791 "  " ( i n  p a r s )  L esk e ;  B r u g u i e r e , p i , 154 ,
f i g s .  5 -6 ,
1816 N u c l e o l i t e s  s c u t a t a  L a m a rc k ,v ,3 , p . 36,
1817a C lypeus  S m i t h , p i , 6 ,
1817b C lypeus c l u n i c u l a r i s  (L lhw yd);  S m ith ,  p ,5 4 ,
1820 E c h i n i t e s  d e p re s s u s  ( L e s k e ) ;  S c h lo th e im ,  p ,3 1 3 ,
1822 C lypeus c l u n i c u l a r i s  Sm ith ;  Conybere & P h i l l i p s ,  p . 188 ,
1822 N u c l e o l i t e s  s c u t a t u s  Lamarck; P a r k in s o n ,  p . 126 ,
1824 *' ** Lamarck; Eudes D eslongcham ps, v . 2 , p . 570
1825 "  "  Lamark; D e f ra n c e ,  v . 2 5 ,  p . 213 ,
1826 ** "  Lamarck; G o ld f u s s ,  v . l , p , 1 6 0 ,p i , 43
f i g . 6 ,
1828 C lypeus c l u n i c u l a r i s  Sm ith ;  F lem in g ,  p . 479,
1829 C lypeus  d i m i d i a t u s  P h i l l i p s ,  p . 1 2 7 ,p i , 3 , f i g , 1 6 ,
1830 N u c l e o l i t e s d e p re s s u s ( L e s k e ) ;  B l a i n v i l l e ,  v . 6 0 ,p ,1 8 8 .
1834 •1 *• ( L e s k e ) ;  B l a i n v i l l e ,  p . 2 0 6 ,p i . 1 6 , f i g .
1836 N u c l e o l i t e s s c u t a t u s Lamarck; A g a s s iz ,  p ,1 8 6 .
1836 N u c l e o l i t e s d i m i d i a t u s  ( P h i l l i p s ) ;  A g a s s iz ,  p . 186 ,
1837 ## ( P h i l l i p s ) i D e s  M o u lin s ,  p . 3 6 7 ,No,25 ,
1837 ## I* ( P h i l l i p s ) ;  A g a s s iz ,  p ,2 7 9 .
1837 N u c l e o l i t e s s c u t a t u s Lamarck; A g a s s i z , p . 279,
1837 II I* Lamarck; B r o n n ,p .2 8 1 ,p i , 1 7 a , f i g , 1 3 ,
1837 N u c l e o l i t e s c l u n i c u l a r i s  ( i n  p a r s ) :  B r o n n .o .281.
1837 N u c l e o l i t e s g o l d f u s s i Des M o u l in s ,p , 3 6 7 ,No,49 ,
1839 N u c l e o l i t e s s c u t a t u s Lamarck; A g a s s i z , p , 4 5 , p i , 1 2 , f i g s  19-20,
1840 1* Lamarck; A g a s s i z , p , 4 ,
1840 N u c l e o l i t es g o l d f u s s i Des M o u lin s ;  A g a s s i z , p , 4 ,
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1840 N u c l e o l i t e s  p a r a p h e s lu s  A g a s s iz ,  p , 4 .
1840 N u c l e o l i t e s  s c u t a t u s  Lamarck; D u ja r d in ,  v . 3 , p . 343.
1840 N u c l e o l i t e s  d im id ia tu s  ( P h i l l i p s ) ;  D u j a r d i n , v , 3 , p , 343,
1840 N u c l e o l i t e s  g o l d f u s s i  Des M o u lin s ;  D u j a r d i n ,  v , 3 , p , 3 4 3 ,  
1843 N u c l e o l i t e s  d i m id ia tu s  ( P h i l l i p s ) ;  M o r r i s ,  p . 55.
1843 N u c l e o l i t e s  s c u ta u s  Lamarck; M o r r i s ,  p . 55,
1847 ** " Lamark; A g a s s iz  & D e so r ,  p . 95,
1847 N u c l e o l i t e s  d i a m id ia tu s  ( P h i l l i p s ) ;  A g a s s iz  & D e s o r , p , 95,
1848 " *’ ( P h i l l i p s ) ;  B ronn, p . 818.
1848 N u c l e o l i t e s  g o l d f u s s i  Des M o u lin s ;  Bronn, p . 818,
1848 N u c l e o l i t e s  p a r a p l e s i u s  A g a s s iz ;  B ronn, p ,8 1 8 ,
1848 N u c l e o l i t e s  s c u t a t u s  Lamarck; Bronn, p . 818,
1848 N u c l e o l i t e s  p l a n u l a t u s  M’Coy, v , 2 ,  p . 116 ,
1849 N u c l e o l i t e s  c l u n i c u l a r i s  ( i n  p a r s ) ;  F o r b e s ,  p l , 9 ,
1849 N u c l e o l i t e s  d i m i d i a t u s  ( P h i l l i p s ) ;  F o r b e s ,  p ,7 ,
1850 " "  ( P h i l l i p s ) ;  d 'O r b ig n y ,  v . l , p , 379,
No.507,
1850 N u c l e o l i t e s  s c u t a t u s  Lamark; d 'O r b ig n y ,  v . l ,  p . 3 7 9 ,N o,505,
1851 " " Lamarck; B ronn, v . 2 , p . l 7 1 , f i g s . a , b , c , *
1851 N u c l e o l i t e s  d i m i d i a t u s  ( P h i l l i p s ) ;  W rig h t ,  p . 38,
1852 N u c l e o l i t e s  s c u t a t u s  Lam arck; W rig h t ,  p . 25 , “
1852 " "  Lamarck; G ie b e l ,  p ,3 2 2 ,
1854 E c h in o b r i s s u s  s c u t a t u s  (L am arck ) ;  d 'O r b ig n y ,  p . 24 .
1854 N u c l e o l i t e s  s c u t a t u s  Lamarck; F o r b e s ,  p . 84,
1857 E c h in o b r i s s u s  s c u t a t u s  (L am arck ) ;  D e so r ,  p ,2 6 7 ,
1857 N u c l e o l i t e s  s c u t a t u s  Lamarck; P i c t e t ,  v , 4 , p , 2 1 7 ,
1857 N u c l e o l i t e s  d i m i d i a t u s  ( P h i l l i p s ) ;  P i c t e t ,  v . 4 . p . 217,
1857 E c h in o b r i s s u s  e l a t i o r  B r e y n iu s ;  d 'O r b ig n y ,  v , 6 , p , 3 9 2 ,
1857 E c h in o b r i s s u s  s c u t a t u s  (L a m a rc k ) ;d 'O r b ig n y ,  v . 6 , p , 3 9 2 ,
1858 ** " (L a m a rc k ) ;  O p p e l ,  p ,609
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1858 E c h in o b r i s s u s d im id ia tu s ( P h i l l i p s ) ;  O ppe l ,  p . 609
1859 E c h in o b r i s s u s s c u t a t u s (L am arck);  C o t t e a u  & T r i g e r ,  p . 129,
p i , 22 , f i g s , 3 -7 .
1859 (L a m a rc k ) ; W r i g h t , p . 3 4 6 ,p i . 2 6 , f i g , 2 , 4 .
1859 E c h in o b r i s s u s d im id ia tu s ( P h i l l i p s ) ;  W r i g h t , p , 3 5 0 ,p i , 2 6 , f i g , 3 ,
1860a E c h in o b r i s s u s s c u t a t u s (L am arck) ;  E t a l l o n , p , 1 8 ,
1862 E c h in o b r i s s u s g o l d f u s s i (Des M o u l in s ) ;  Thurmann & E t a l l o n , p , 3 0 0 ,
p i , 2 4 , f i g . 4.
1863 (Des M o u lin s ) ;  C re d n e r ,  p , 6 ,1 2 ,3 3 ,
1864 N u c l e o l i t e s  s c u t a t u s  Lamarck; B on jou r ,  p . 28 ,
1864 E c h in o b r i s s u s g o l d f u s s i (Des M o u lin s ) ;  E t a l l o n ,  p ,3 3 1 .
1864 E c h in o b r i s s u s s c u t a t u s (L am arck) ;  S eebach , p , 5 2 ,7 4 .
1865 II II (L am arck) ;  S c h a u ro th ,  p ,1 4 2 .
1865 II II (L am arck ) ;  H uxley & E t h e r i d g e , o p . 243.
1867 E c h in o b r i s s u s g o l d f u s s i (Des M o u lin s ) ;  G re p p in ,  p . 71 .
1867 N u c l e o l i t e s  s c u t a t u s  Lamarck; E ic h w a ld ,  p . 252,
1868 E c h in o b r i s s u s s c u t a t u s (L am arck ) ;  G u i l l i e r ,  p . 29 ,
1869 II (L am arck) ;  C o t t e a u  & T r i g e r ,  p . 420.
1870 II (L am arck) ;  G re p p in ,  p . 83.
1871 II II (L am arck ) ;  D esor & L o r i o l ,  p . 315 , 
p i , 4 9 , f i g s , 8 -10 ,
1871 II II (L am arck ) ;  C o t t e a u ,  v , 9 , p . 2 8 0 ,p i . 76, 
p i . 77 ,  f i g s , 1 - 5 ,
1913 N u c l e o l i t e s  s c u t a t u s  Lamarck; J a c k s o n ,  F i g ,4 0 8 c ,d .
1921 N u c l e o l i t e s  s c u t a t u s  Lamarck; Lam bert & T h i e r y , o , 344,
1925 '* ** Lamarck; D eecke, p . 447, p . 456,
1933 •• '• Lamarck; B e u r le n ,  p . 5 6 , f i g s , 8 -9 ,
1948 ** ' Lamarck; M orten sen ,  p . l 7 6 , f i g s . l 5 4 e , 1 5 5 ,
1962 ” ” Lamarck; K ie r ,  p . 5 9 , f i g s , 1 - 3 . t e x t - f i g s , 3 0 - 3 2 ,4Î
1966 •• •• Lamarck; K i e r , p . 5 0 3 , f i g s , 3 8 9 , l a - c , f i g . 3 9 0 ,1 ,
1973 « « Lamarck; B r o o k f i e l d ,  p ,2 6 5 .
4o
Type specim en
L o c a t io n  u n k n o w n ,(K ie r ,1 9 6 2 ) ,
D e s c r i p t i o n
T e s t  s m a l l  to  medium s i z e d , s u b - q u a d r a t e , a n t e r i o r  m arg in  
r o u n d e d , p o s t e r i o r  b i lo b e d  and in d e n te d  by a n a l  s u l c u s , a b o r a l l y  
i n f l a t e d  b u t  r a r e l y  c o n i c a l , m arg ins  t u m i d , a d o r a l l y  concave  and 
u n d u la te d  w i th  am b u lac ra  d e p re s s e d  and i n t e r a m b u la c r a l  a r e a s  
p r o m in e n t ,p e r i s to m e  d e p r e s s e d ;  am bu lacra  p e t a l o i d , t h e  p e t a l s  be ing  
l o n g , o p e n , f l u s h  w i t h  t e s t ;  i n t e r p o r i f e r o u s  zone w id e r  th a n  p o r i f e r o u s  
z o n e ,o u t e r  po re  e l o n g a t e , i n n e r  p o re  sm a l l  and ro u n d ;  p o s t e r i o r  
i n t e r a m b u l a c r a l  a r e a  i s  w id e r  th a n  p o s t e r o - l a t e r a l  p a i r  which a r e  
i n  t u r n  w id e r  th a h  th e  a n t e r i o r  p a i r .
A p ic a l  sy s te m  a n t e r i o r , t e t r a b a s a l , v a r i a b l e  i n  form  w i th  
c a t e n a l  . and com plem entary  p l a t e s  r a r e l y  p r e s e n t ,
P e r i p r o c t  s u p r a m a r g i n a l , l a r g e , r a r e l y  i n  c o n t a c t  w i th  th e  
a p i c a l  sy s tem  u s u a l l y  l y i n g  betw een  o n e - t h i r d  and o n e - h a l f  th e  
d i s t a n c e  from  th e  d i s c  t o  th e  p o s t e r i o r  b o r d e r , . in  d e e p ,w id e  a n a l  
s u l c u s  w hich  r e a c h e s  t o  th e  p o s t e r i o r  b o r d e r , u s u a l l y  s l i g h t  g roove  
be tw een  p e r i p r o c t  and a p i c a l  sy s te m .
P e r is to m e  a n t e r i o r , d e p r e s s e d , p e n t a g o n a l , m o d e r a t e l y  l a r g e ;  
f l o s c e l l e  h a r d l y  c o n s p ic u o u s , p h y l lo d e s  n a r r o w ,b o u r r e l e t s  o n ly  
s l i g h t l y  d e v e lo p e d .
T u b e rc le s  p e r f o r a t e , c r e n u l a t e .
D i s t i n g u i s h i n g  f e a t u r e s
N . s c u t a t u s  Lamarck i s  m ost s i m i l a r  to  N . l a t i p o r u s  A g a ss iz  
( s y n ,  = N . c l u n i c u l a r i s ) , i n  f a c t  no s i n g l e  d i a g n o s t i c  c h a r a c t e r
. 4f
s e p a r a t e s  th e  two fo rm s ,a s  n o t i c e d  by Sm ith  (1 8 1 7 b ) ,  However th e  
g r o s s  m orphology o f  sam ples  o f  th e  two s p e c i e s  show t h a t  g e n e r a l l y  
t h e  p e r i p r o c t  i s  l a r g e r  and f u r t h e r  from th e  a p i c a l  sy s tem  i n  
N . s c u t a t u s , th e  t e s t  n a rro w er  r e l a t i v e  t o  th e  l e n g t h  and o f t e n  more 
c o n ic a l ,  i n  N . l a t i p o r u s . M oreover N . s c u t a tu s  i s  r e s t r i c t e d  i n  r a n g e  
to  th e  C o r a l l i a n  w h i l s t  N . l a t i p o r u s  ra n g e s  from  th e  Upper I n f e r i o r  
O o l i t e  t o  th e  C o rn b rash  ( e . g . A r k e l l , 1 9 3 3 ) , B io m e t r i c a l  a n a ly s e s  
( s e e  C h a p te r  6 ) shows t h a t  when a sam ple  o f  N , s c u t a t u s  i s  compared w i th  
a sam ple o f  N . l a t i p o r u s  homeomorphy does o c c u r  i n  some specim ens b u t  
t h e  g roup  means a r e  a  s i g n i f i c a n t  d i s t a n c e  a p a r t , i n d i c a t i n g  t h a t  th e  
s a m p le s ,a s  a w h o l e , a r e  d i s t i n c t  from  one a n o th e r .
I t  i s  d i s t i n c t  from  s p e c i e s  o f  s i m i l a r  a g e , e . g .  N .m ic r a u lu s ,
N .p u lv in a tu s  and N .b r o d i e l  a s  i n  t h e s e  s p e c i e s  t h e  p e r i p r o c t  i s  
n e a r e r  th e  p o s t e r i o r  b o r d e r .  T h is  c h a r a c t e r , t h e  d i s t a n c e  between 
t h e  p e r i p r o c t  and th e  a p i c a l  s y s t e m , i s  c o n s id e r e d  to  be o f  
e v o l u t i o n a r y  s i g n i f i c a n c e  i n  N u c l e o l i t e s  ( Je s io n e k -S z y m a n sk a ,1 9 6 8 )  
b u t  t h e  d i s t a n c e  i s  n o t  d i a g n o s t i c  o f  any  p a r t i c u l a r  s p e c i e s  o r  
g r o u p , c o n t r a r y  t o  P o m e l 's  sy s tem  o f  c l a s s i f i c a t i o n  (1 8 8 3 ) ,
Range
M iddle  O x fo rd ia n  ( cordaturn zone)  to  Lower K im meridgian 
( cymodoce zone)  o f  E n g la n d ,F ra n c e  and S w i t z e r l a n d ,
D i s c u s s i o n
I t  has  been shown t h a t  N . s c u t a t u s  Lamarck 1816 i s  t h e  ty p e  
s p e c i e s  o f  N u c l e o l i t e s  Lamarck 1801 ( s e e  p , 28 ) , a l t h o u g h  t h e r e  has  
been  much d i s c u s s i o n  on th e  n o m e n c la tu re  o f  t h e  genus due to  i t s  
lo n g  p r e - L in n a e a n  h i s t o r y .  A l l  e a r l y  d e s c r i p t i o n s , t o  w hich many 
a u th o r s  r e f e r  , d i d  n o t  i n  f a c t  d i s c r i m i n a t e  betw een th e  two s p e c i e s  
N . s c u t a t u s  and N . l a t i p o r u s , a  m is ta k e  f o l lo w e d  by W ill iam  Sm ith (1817b)
42
r e s u l t i n g  i n  th e  commonly used  name f o r  th e  M iddle  J u r a s s t c K s p e c t e s ,  
N . c l u n i c u l a r i s ,becom ing i n v a l i d .
M a te r i a l
Measured specim ens used  i n  th e  b i o m e t r i c a l  a n a ly s e s :  
C o l l e c t i o n  o f  th e  U n i v e r s i t é  de Caen from  th e  ty p e  l o c a l i t y ,  
T r o u v i l l e ,C a l v a d o s ;  a n te c e d e n s  s u b - z o n e ,175 sp e c im en s .
P e r s o n a l  c o l l e c t i o n s  from ;
T r o u v i l l e ,C a l v a d o s ;  a n te c e n d e n s  s u b rz o n e ,2 7  sp e c im en s .
Bran P o i n t ,D o r s e t  ; a n te c e n d e n s  s u b - z o n e ,28 sp e c im en s ,
C a i n e , W i l t s h i r e ;  p l i c a t i l i s  z o n e , 8 sp e c im en s ,
W ootton B a s s e t t , W i l t s . ;  C o r a l l i a n , 52 sp e c im en s .
C o t h i l l , O x f o r d s h i e ;  a n te c e d e n s  s u b - z o n e ,48 sp e c im en s ,
U p w a re ,C a m b rid g e sh ire ;  p a r a n d i e r i  s u b - z o n e ,133 sp e c im en s .
Specim ens c o l l e c t e d  b u t  n o t  used  i n  t h e  b i o m e t r i c a l  a n a l y s e s :  
B e c k le y ,O x f o r d s h i r e ;  p a r a n d i e r i  s u b - z o n e ,18 sp e c im en s ,
S h e l l i n g f o r d  C r o s s - r o a d s ,O x o n . ;  a n te c e d e n s  su b -z o n e  43 spec im en s ,  
W ath ,N orth  Y o r k s h i r e ;  a n te c e d e n s  su b -z o n e  13 sp e c im en s ,
A p p le to n - 1 e - s t r e e t , N o r t h  Y o r k s . ;v e r t é b r a l e  s u b - z o n e ,34 sp e c im en s ,  
Sw in ton  G ra n g e ,N o r th  Y o r k s , ; v e r t& b r& le  s u b - z o n e ,42 sp e c im en s .
Lyons P l a n t a i o n ,N o r t h  Y o r k s , ;  v e r t e b r a l e  s u b - z o n e ,17 sp ec im en s ,
Vache N o i r e ,C a lv a d o s ;  a n te c e d e n s  s u b - z o n e ,24 sp e c im en s .
Bran P o i n t , D o r s e t ;  a n te c e d e n s  and p a r a n d i e r i  s u b - z o n e s ,25 spec im en s .  
S a n d h i l l s , O x f o r d s h i r e ;  p l i c a t i l i s  z o n e ,10 sp e c im en s .
N o r th  G r im s to n ,N o r th  Y o r k s , ;  v e r t e b r a l e  s u b -z o n e , 8 sp e c im en s .  
A d d i t i o n a l  m a t e r i a l :
C o t t e a u  c o l l e c t i o n , U n i v e r s i t é  de  P a r i s  su d ,O rsa y ,  3 f i g u r e d  specim ens 
i n  C o t t e a u  ( 1 8 7 1 ) ,
Lam bert c o l l e c t i o n , U n i v e r s i t é  de  P a r i s  -  6 ,
C o l l e c t i o n  o f  Musee d 'H i s t o i r e .  N a t u r e l l e ,  P a r i s ,
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C o l l e c t i o n  o f  U n i v e r s i t é  de D i jo n ,
C o l l e c t i o n  o f  th e  Musee d 'H i s t o i r e  N a t u r e l l e  , N e u c h a t e l ,S w i tz e r l a n d ,
The l o c a t i o n  o f  L am arck 's  ty p e  specim ens i s  unkown. I t  
i s  p roposed  t o  e s t a b l i s h  t h e  a u th o r s  p e r s o n a l  c o l l e c t i o n  from 
T r o u v i l l e , C a l v a d o s , t h e  ty p e  l o c a l i t y , a s  n e o ty p e s .  A l l  m easurem ents 
t a k e n  on t h e s e  specim ens a r e  d e p o s i t e d  a t  B .M ,(N ,H .) ,
P a la e o e c o lo g y
N u c l e o l i t e s  s c u t a t u s  i s  found i n  a v a r i e t y  o f  c a lc a re o u s
se d im e n ts  i n c l u d i n g  m ar ls  a t  Bran P o i n t , c a l c a r e o u s  s a n d s to n e  a t
C o t h i l l , b i o c l a s t i c  l im e s to n e  a t  B eck ley  and o o l i t i c  l im e s to n e s
i n  Y o r k s h i r e ,  The s p e c i e s  i s  p e rh a p s  m ost commonly found  i n
o o l i t i c  s e d im e n ts  w i th  a  h ig h  p e rc e n ta g e  o f  b i o c l a s t i c  f r a g m e n ts .
I t  o c c u rs  i n  3 o f  t h e  17 m a c r o in v e r t e b r a t e  a s s o c i a t i o n s
o f  F u r s ic h  (1976a  & b ) u s u â l l y  i n  a s s o c i a t i o n  w i th  o y s t e r s , i n f a u n a l
b i v a l v e s , p e c t i n i d s  and. h ig h  s p i r e d  g a s t r o p o d s .  These a r e , a c c o r d i n g
to  F u r s i c h , i n v a r i a b l y  found  i n  h i s  o f f s h o r e  s h e l f  o r  l a g o o n a l
s e q u e n c e s .  However N , s c u t a t u s  i s  r a r e l y  found w i th  a  v a r i e d  f a u n a ,
o f t e n  o n ly  o c c u r r in g  w i th  bu rrow ing  b iv a lv e s  and g a s t r o p o d s .  At
Upware i t  i s  fo u n d  i n  g r e a t  numbers w i t h  t h e  i r r e g u l a r  e c h in o id s
H o le c ty p u s  d e p r e s s u s  , C o l l y r i t e s  b i c o r d a t a  and P y g a s te r  and
Hyboclypus a l th o u g h  o t h e r  f o s s i l s  a r e  r a r e .  A t Wootton B a s s e t t
i t  i s  found  w i th  a  f a u n a  o f  s m a l l  bu rrow ing  b i v a l v e s , p e c t i n i d s ,
g a s t r o p o d s , r e g u l a r  e c h in o id s  and s m a l l  s o l i t a r y  c o r a l s ,
N , s c u t a t u s  i s  m ost commonly found  w i t h i n  se d im e n ts  i n  which
t h e  dom inan t a l lo c h em s  a r e  o o l i t e s .  These a r e  u s u a l l y  h ig h  ene rgy
s p a r i t e s  e , g ,  Sw in ton  G range ,W ootton  B a s s e t t , S h e l l i n g f o r d  C r o s s - r o a d s ,
T r o u v i l l e  ( c l i f f r s e c t i o n ) , a l t h o u g h  some o f  t h e  o o l i t i c  s e d im e n ts
r
h av e  a m i c r i t i c  m at^x  e . g ,  Lyons P l a n t a t i o n ,T r o u v i l l e  ( s h o r e - s e c t i o n ) .
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B i o c l a s t i c  f ra g m e n ts  a r e  a l s o  an  im p o r ta n t  c o n s t ! t u e n t ibecoming 
th e  dom inan t a l lo c h em  a t  B eck ley  ( b i o s p a r i t e )  and C aine  ( b i o m i c r i t e ) ,  
E c h in o id ,b r a c h io p o d ,g a s t r o p o d  and b iv a lv e  d e b r i s  i s  r e c o g n i s a b l e  
i n  m ost o f  t h e  s e d im e n ts  unde r  t h i n  s e c t i o n .  Q u a r tz  i s  a l s o  common 
w i t h i n  th e  s e d im e n ts  o c c u r r in g  as  e i t h e r  th e  m ain  g r a i n s  e . g .  
c a l c a r e o u s  s a n d s t o n e , C o t h i l l , a s  t h e  n u c l e i  to  th e  o o l i t h s ,  
e . g .  W ootton B a s s e t t , S h e l l i n g f o r d  C r o s s - r o a d s ,o r  as  s i l t  s i z e d  
p a r t i c l e s  s c a t t e r e d  th ro u g h o u t  th e  se d im e n t  e . g ,  Sw in ton  Grange,
Lyons P l a n t a t i o n ,
N . s c u t a t u s , t h e r e f o r e  seems to  have  been  w e l l  a d a p te d  to  
a  v a r i e t y  o f  en v iro n m en ts  a s  i t  o c c u rs  i n  l a r g e  numbers i n  t h e s e  
s e d im e n ts .  The en v iro n m en ts  r e p r e s e n t e d  r a n g e  from  v e r y  low ene rgy  
m a r l s  t o  v e r y  h ig h  en e rg y  o o l i t e  s h o a l s , f r o m  v e r y  sh a l lo w  w a te r  
s a n d s to n e s  to  p e rh a p s  d e e p e r  w a te r  o f f s h o r e  b i o c l a s t i c  l im e  muds. 
D e s p i t e  i t s  t h i n  t e s t  and a s s o c i a t i o n  w i th  h ig h  en e rg y  env ironm en ts  
N . s c u t a t u s  i s  u n u s u a l l y  w e l l  p r e s e r v e d ,e v e n  i n  b i o c l a s t i c  and 
o o l i t i c  s e d im e n ts  i n  which m ost o f  t h e  o t h e r  f a u n a  has  been 
b ro k en  down to  sand  s i z e d  p a r t i c l e s .
The a u th o r  h a s  n e v e r  found  N , s c u t a t u s  i n  a s s o c i a t i o n  w i th  
o t h e r  n u c l e o l i t i d  e c h in o i d s ,
B r o o k f ie ld  (1973 )  i n c lu d e s  N ,s c u t a t u s  i n  a  l i s t  o f  fau n a  
from  th e  A b b o tsbu ry  I r o n s t o n e  ( lo w e r  K im m eridg ian ,cymodoce zone)  
o f  E n g la n d ,  I t  o c c u rs  i n  l i m o n i t i c , f i n e  q u a r t z  s a n d s to n e  beds 
w i t h  a  d i v e r s e  f a u n a  dom ina ted  ■ by i n f a u n a l  and e p i f a u n a l  b iv a lv e s  
and g a s t r o p o d s ,  B r o o k f ie ld  i n t e r p r e t s  t h i s  f a c i e s  a s  r e p r e s e n t i n g  
a q u i e t , o f f s h o r e  s h e l f  e n v iro n m e n t .
45
N u c l e o l i t e s  amplus A g a s s iz ,  1847
( P l a t e Z , f i g , l a - d )
1847 N u c l e o l i t e s amplus A g a s s i z , p . 96,
1854 E c h in o b r i s s u s amplus (A g a s s iz ) ; d 'O r b i g n y ,p . 24,
1855 •» ( A g a s s i z ) ; d 'O r b i g n y , v . 6 , p , 393,
1857 N u c l e o l i t e s amplus A g a s s iz ;  P i c t e t , 2 n d .e d , , v , 4 , p . 2 1 7 .
1857 E c h in o b r i s s u s amplus ( A g a s s i z ) ; D e s o r , p . 266,
1859 »» II ( A g a s s i z ) ; W rig h t ,  p . 357,
1867a I t II ( A g a s s i z ) ; M o esch ,p .3 6 ,
1867b II II ( A g a s s i z ) ; MoeS/Cby. p . 97.
1867 1» ( A g a s s i z ) ; G re p p in ,  p . 55,
1870 I t ( A g a s s i z ) ; G re p p in ,  p . 51,
1871 I t ( A g a s s i z ) ; D esor  & L o r i o l ,  p . 3 1 0 ,p i , 4 9 , f i g s , 3 -5 ,
1871 II ( A g a s s i z ) ; C o t t e a u ,  V ,9 , p . 2 5 5 ,p i . 68,
/
f i g s ,  6 - 1 1 , p i . 6 9 , f i g s . 1 - 8 ,
1921 II ( A g a s s i z ) ; Lam bert & T h ie ry ,  p . 344,
1932 II ( A g a s s i z ) ; M e rc ie r ,  p , 2 3 1 ,p i . 1 0 , f i g , 6,
1962 N u l c e o l i t e s  amplus A g a s s iz ;  K i e r , p . 5 7 , f i g . 8 , t e x t - f i g , 4 2 ,
1969 ** ** A g a s s iz ;  F i s c h e r ,  p . 2 0 2 ,p l . 1 9 , f i g , 11 ,
Type spec im en  „
N u c l e o l i t e s  amplus A g a s s i z , 1 8 4 7 , i n  t h e  Musee d 'H i s t o i r e  
N a t u r e l l e , B a s l e ,S w i t z e r l a n d ,
D e s c r i p t i o n
Medium s i z e  t e s t , s u b - c i r c u l a r  t o  s u b - q u a d r a t e , p o s t e r i o r
m a rg in  n o t  b i l o b e d ;  a b o r a l l y  i n f l a t e d , f l a t t e n e d  a p i c a l l y , r a r e l y
s u b - c o n i c a l ;  m arg in s  t u m i d , a d o r a l l y  f l a t  o r  s l i g h t l y  concave  w i th
am b u lac ra  i n  d e p r e s s io n s  and i n t e r a m b u la c r a l  a r e a s  o f t e n  p ro m in e n t;
p e r i s to m e  s l i g h t l y  d e p r e s s e d ;  am bu lacra  s t r o n g l y  p e t a l o i d ;  o u t e r  
p o re  v e r y  e l o n g a t e , s l i t - l i k e , i n n e r  p o re  s m a l l , c i r c u l a r  ; p o r i f e r o u s
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zones as  w ide o r  w id e r  th an  i n t e r p o r i f e r o u s  z o n e s ;  p e t a l s  lo n g ,  
n a r ro w in g  d i s  t a l l y  i n  s l i g h t  groove on a b o r a l  s u r f a c e ;  a l l  am bulacra  
o f  eq u a l  l e n g t h .
A p ic a l  sy s tem  c e n t r a l , t e t r a b a s a l ,
P e r i p r o c t  s u p r a m a r g i n a l , s m a l l , o f t e n  n o t  v i s i b l e  from th e  
a b o r a l  v i e w , r e a c h in g  to  a p i c a l  system  i n  deep  narrow s u lc u s  t h a t  
e x te n d s  from  th e  p e r i p r o c t  to  p o s t e r i o r  b o r d e r .
P e r is to m e  a n t e r i o r , p e n t a g o n a l , s t a r  s h a p e d ,s m a l l  ; p h y l lo d e s  
l o n g ,n a r r o w ,p o r e s  c row ded ,up  to  t h r e e  rows i n  each h a l f  ambulacrum; 
m o d e r a te ly  d e v e lo p e d  b o u r r e l e t s ;  d i s t i n c t  f l o s c e l l e .
D i s t i n g u i s h i n g  f e a t u r e s
T h is  s p e c i e s  i s  m ost s i m i l a r  t o  N.woodward ii  and may be 
c o n s p e c i f i c  w i th  i t ,  D eso r  & L o r io l  (1871)  d i s c r i m i n a t e d  betw een 
th e  s p e c i e s  th ro u g h  th e  f l a t t e r  t e s t  o f  N .w oodw ard ii . H e ig h t  i s  
a v e r y  v a r i a b l e  c h a r a c t e r  i n  i r r e g u l a r  e c h in o id s  and t h i s  may 
n o t , t h e r e f o r e , b e  a s a f e  d i a g n o s i s .
I t  i s  d i s t i n c t  from  o t h e r  l a r g e r  o r b i c u l o i d  e c h ino id s*  I n  
N ,b u rg u n d ia e  t h e  s u lc u s  i s  some d i s t a n c e  from  th e  a p i c a l  d i s c  and 
th e  g e n e r a l  m orphology i s  l e s s  tum id , N . o r b i c u l a r i s  i s  more convex , 
t h e  s i d e s  t a p e r  and a r e  l e s s  t u m i d , th e  base  c o n c a v e ,a m b i tu s  more 
c i r c u l a r  and th e  p e t a l s  l o n g e r  th a n  i n  N .am plus .
Range
B a th o n ia n  o f  n o r t h e r n  F ra n c e  and S w i t z e r l a n d ,
D i s c u s s io n
N,amplus i s  a  s p e c i e s  w hich  p o s s e s æ s  c h a r a c t e r i s t i c s  o f  b o th  
t h e  C ly p e id a e  and N u c l e o l i t i d a e ,  F e a tu r e s  o f  t h e  f l o s c e l l e  and 
p e t a l s  a p p e a r  t o  l i n k  i t  v e ry  c l o s e l y  t o  t h e  C l y p e id a e ,b u t  i t s  
g e n e r a l  form  and g row th  p a t t e r n s  show a f f i n i t i e s  to  t h e  N u c l e o l i t i d a e ,
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T his  cou ld  i n d i c a t e  e i t h e r  t h a t  th e  i n t e r m e d i a t e  c h a r a c t e r  
o f  N.amplus shows th e  d i v i s i o n  o f  e a r l y  c a s s i d u l o i d s  between 
c l y p e i i d s  and n u c l e o l i t i d s  i s  n o t  j u s t i f i e d , o r  t h a t  N.amplus
i s  a C lypeus  w i th  grow th c h a r a c t e r i s t i c s  s i m i l a r  to  N u c l e o l i t e s ,
/ '
M a te r i a l
M easured specim ens used  i n  th e  b i o m e t r i c a l  a n a l y s i s ;
P e r s o n a l  c o l l e c t i o n  f r o m : -  
S ig n y  1 'A b b ay e ,A rdenned; d i s c u s  zone , 41 sp e c im en s .
A d d i t i o n a l  m a t e r i a l ;
C o l l e c t i o n  o f  Musee d 'H i s t o i r e  N a t u r e l l e ,  P a r i s ,  .
P a la e o e c o lo g y
N u c l e o l i t e s  amplus o c c u rs  a t  S igny  1 'Abbaye i n  a s s o c i a t i o n  
w i th  N .e lo n g a tu s  w i t h i n  a se q u en c e  o f  b i o c l a s t i c  p e lo i d  l im e s t o n e s ,  
m o s t ly  r e p r e s e n t i n g  m o d era te  en e rg y  c o n d i t i o n s .  The s u c c e s s io n  
i s  summ arised i n  f i g , 2 , 4 ,  S ix  beds a r e  i d e n t i f i e d  on sm a l l  . 
d i f f e r e n c e s  i n  l i t h o l o g i c a l  and f a u n a l  c o m p o s i t io n .  Only bed 5 
( s e e  f i g , 2 , 4 )  y i e l d s  co m p le te  n u c l e o l i t i d s  b u t  a l l  beds c o n ta i n  
echinoderra  f ra g m e n ts  a s  s e e n  u n d e r  t h i n  s e c t i o n .
The s e c t i o n  i s  composed o f  two f i n i n g  upward sequences  
o f  p e l o i d a l  l im e s to n e s  w i th  m i c r i t e  becoming more common i n  th e  
f i n e r  u n i t s .  The lo w e r  beds o f  t h e  two se q u en c e s  ( i , e , b e d s  1 and 4) 
a r e  a l s o  l e s s  f o s s i l i f e r o u s  and more p o o r ly  s o r t e d  th a n  th e  h i g h e r  
u n i t s ,  H ig h - s p i r e d  g a s t r o p o d s  ( N e r i n e l l a , P I e u r o to m a r ia , P seu d o m elan ia , 
B a c t r o p l y x i s ) and r h y n c h o n e l l i d  b ra c h io p o d s  ( K a l l i r h y n c h i a  d e l i c i o s a , 
B u rm irhynch ia  t u r g i d a , I s j u m i n e l l a  t h i e r a c h e n s i s ) a r e  common 
th ro u g h o u t ,m o s t  o f  t h e  b ra c h io p o d s  t e n d in g  t o  be l a r g e  and s p h e r i c a l .  
S o l i t a r y  c o r a l s  ( M o n t l i v a l t i a  t e n u i r a d i a t a , C h ro m a to s e r ls  o r b u l i t e s ) 
and c o l o n i a l  c o r a l s  ( B a th y c o en ia  h e m is p h a e r i c a , T h a m n as te r ia  
r u m i g n y e n s i s ,T ,d i s s i m i l i s ,T h e c o s m i l i a  s p , )  o c c u r  th ro u g h o u t  th e
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s e q u e n c e .  B iv a lv e s  seem to  be r e s t r i c t e d  to  t h e  upper  u n i t s  o f  
th e  two se q u en c e s  (beds  2 ,3 ,5  and 6 ) b u t  deep  bo rro w ers  e . g ,
F leurom ya and Homomya a r e  found o n ly  i n  bed 5 i n  a s s o c i a t i o n  w i th  
N u c l e o l i t e s , /
Bed 5 i s  v e r y  f o s s i l i f e r o u s  and i s  dom ina ted  by c a s s i d u l o i d  
e c h in o id s  and i n f a u n a l  b i v a l v e s ,  N u c l e o l i t e s  amplus i s  th e  most 
common i r r e g u l a r  e c h in o id  b u t  s i n g l e  specim ens  o f  N .e l o n g a tu s , 
Hyboclypus g i b b e r u l u s , H o lec ty p u s  d e p re s s u s  and f ra g m e n ts  o f  l a r g e  
c l y p e i i d s  w ere  a l s o  fo u n d ,  P seudom elan ia  s p , , K a l l i r h y n c h i a  d e l i c i o s a , 
B urm irhynch ia  t u r g i d a  and e c h in o id  s p in e s  a r e  common w h i l s t  a  r a r e  
f ra g m e n t  o f  an  am m o n ite ,sm a l l  c o r a l s  and some t e r e b r a t u l i d s  
( e , g ,  E u d e s ia  ca rd ium  and C e r e r i t h y r i s  i n t e r m e d i a ) w ere  a l s o  
fo u n d ,T h e  i n f a u n a l  b i v a l v e s  i n c lu d e  th e  deep  bu rro w ers  Pleuromya 
c a l c e i f o r m i s , P , u n i f o r m i s , Homomya g ib b o sa  and t h e  s h a l lo w e r  
S p h a e r i o l a  m a d r i d i , O pis ( T r i g o n o p s i s ) s p , , A n l s o c a r d ia  i s l i p e n s i s .
I n  t h i n  s e c t i o n  bed 5 i s  a  p o o r ly  washed p e l s p a r i t e  o f  
c l o s e l y  p a c k e d ,m o s t ly  rounded  p e l o i d s .  Most p e lo i d s  c o n t a i n  an  
i n t e r n a l  p a t t e r n  o f  t u b u le s  and may be o f  c r u s t a c e a n  o r i g i n  
(H o ro w itz  & P o t t e r , 1 9 7 1 ) .  Some sm a l l  o o l i t h s  and much b i o c l a s t i c  
d e b r i s  i s  a l s o  p r e s e n t  a lo n g  w i th  l a r g e  p a tc h e s  o f  m i c r i t e .  The 
m i c r i t e  may h av e  been  b ro u g h t  i n  by b u r ro w e r s .  B i v a lv e s ,g a s t r o p o d s ,  
b r a c h i o p o d s , e c h i n o i d s , c r i n o i d s  and b ryozoa  a r e  a l l  r e c o g n i s a b l e  
i n  t h i n  s e c t i o n .  Some e c h in o id  f ra g m e n ts  have  been bored  and i n f i l l e d  
w i t h  m i c r i t e .  A lth o u g h  g r a i n s  a r e  i n  c o n t a c t  t h e r e  a r e  l a r g e  
c a v i t i e s  f i l l e d  w i th  c o a r s e l y  c r y s t a l l i n e  c a l c i t e .  The r o c k  g iv e s  
t h e  a p p e a re n c e  o f  b e in g  w e l l  s o r t e d , a l t h o u g h  t h i s  may n o t  be a 
m e a n in g fu l  o b s e r v a t i o n  i n  a  p e l o i d a l  s e d im e n t .
The se d im e n t  i s  b i o t u r b a t e d  and was p ro b a b ly  d e p o s i t e d  
i n  a n  e n v iro n m en t  o f  m o d era te  e n e rg y .  T here  seems t o  be no d i r e c t
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e v id e n c e , f r o m  an e x a m in a t io n  o f  th e  s e d im e n t ,a s  to  t h e  r e a s o n  f o r  
t h e  o c c u r r e n c e  o f  N u c l e o l i t e s  i n  bed 5 and n o t  i n  t h e  o t h e r  u n i t s  
o f  s i m i l a r  l i t h o l o g y .
Most o f  t h e  above i d e n t i f i c a t i o n s  fo l lo w  F i s c h e r  (1 9 6 9 ) ,
/
T ^ u c le o l i te s  b u rg u n d ia e  ( C o t t e a u ) ,1 8 7 1 .
1871 E c h in o b r i s s u s  b u rg u n d ia e  C o t t e a u , v . 9 , p . 2 5 9 , p l , 6 9 , f i g s . 9 - l l ,
p l . 7 .
1908 '* '* C o t t e a u ;  C o t t r e a u , p . l 5 8 , p l , 2 , f i g s . 6  & 6a ,
1921 C l i to p y g u s  b u rg u n d ia e  ( C o t t e a u ) ;  Lam bert & T h i e r y ,p ,3 4 6 .
1922 ** ** ( C o t t e a u ) ;  L a m b e r t ,p .35 ,
1933 E c h in o b r i s s u s  b u rg u n d ia e  C o t t e a u ;  K i e r , p , 5 7 , t e x t - f i g , 3 6 , 4 4 ,
1962 N u c l e o l i t e s  b u rg u n d ia e  ( C o t t e a u ) ;  K i e r , p . 5 7 , t e x t - f i g . 3 6 , 4 4 .
Type spec im en
E c h in o b r i s s u s  b u rg u n d ia e  C o t t e a u , 1 8 7 1 , i n  th e  C o t te a u  
C o l l e c t i o n , U n i v e r s i t é  de P a r i s - s u d , O rsa y ,  (Examined and used  i n  
b i o m e t r i c a l  a n a l y s i s ) .  Specimens b 9 0 3 ,b904 and b905 ( a  & b ) .
D e s c r i p t i o n
T e s t  medium s i z e d , s u b - c i r c u l a r , s l i g h t l y  l o n g e r  th a n  w id e ;  
a b o r a 1 s u r f a c e  u n i fo r m ly  i n f l a t e d , s o m e t im e s  c o n i c a l ;  base  concave 
tow ards  th e  m outh; p e t a l c i d , p e t a l s  o f  u n e q u a l  l e n g t h , p o s t e r i o r  
p a i r  l o n g e r  and f l e x u o u s .
A p ic a l  d i s c  s u b - c e n t r a l , t e t r a b a s a l , m a d r e p o r i t e  l a r g e ,
P e r i p r o c t  o v a l , l y i n g  one t h i r d  o f  t h e  d i s t a n c e  from  th e  
a p i c a l  d i s c  t o  t h e  a m b i t u s , a t  t h e  to p  o f  a d eep  s u l c u s .
P e r is to m e  p e n t a g o n a l , a n t e r i o r , n o  d i s t i n c t  f l o s c e l l e .
T u b e rc le s  s m a l l ,m o re  numerous tow ards  th e  m outh .
50
D i s t i n g u i s h i n g  f e a t u r e s
N .b u rg u n d ia e  i s  d i s t i n g u i s h e d  from N . o r b i c u l a r i s  by th e  
p e r i p r o c t  be ing  s e p a r a t e d  from th e  a p i c a l  d i s c  i n  N .b u rg u n d ia e .
The d i a g n o s t i c  f e a t u r e s  t h a t  d i s t i n g u i s h  i t  from N.amplus have  
been d i s c u s s e d  above ( s e e  p .47 ) ,  /
Range
B a th o n ia n  o f  c e n t r a l  F ra n c e ,
D i s c u s s io n
T h is  s p e c i e s  was f i r s t d e s c r i b e d  by C o t t e a u  (1871) and 
p la c e d  i n  th e  genus E c h in o b r i s s u s  a f t e r  d ’O rb igny  (1 8 5 4 ) ,  I t  
was t r a n s f e r r e d  to  P o m e l 's  genus C l i to p y g u s  by Lambert & T h ie ry  
b e c au se  t h e  a n a l  s u l c u s  i s  s e p a r a t e d  from  th e  a p i c a l  s y s te m ,a  
c h a r a c t e r  th o u g h t  to  be o f  no s p e c i f i c  v a lu e  by l a t e r  a u t h o r s .
I t  i s  p la c e d  i n  N u c l e o l i t e s  by K ie r  ( 1 9 6 2 ) ,  The specim en  from th e  
B a th o n ia n  o f  M alagasy  f i g u r e d  by C o t t r e a u  (1908)  i s  a sm a l l  
damaged spec im en  and may be N«w oodwardii,
M a t e r i a l
M easured specim ens  u se d  i n  t h e  b i o m e t r i c a l  a n a ly s e s :  
C o t t e a u ' s  ty p e  s p e c im e n s ,S e lo n g e y ,C o te  d 'O r ;  B a th o n ia n  ( p e r s o n a l  
com m unication  from  P r o f , T i n t a n t , U n i v e r s i t é  de D i j o n ) , 4 spec im en s ,  
S ig n ey  l 'A b b ay e ,Ardennes ; d i s c u s  z o n e , l  spec im en .
Specimens c o l l e c t e d  b u t  n o t  used  i n  th e  b i o m e t r i c a l  an ay ses  
S e lo n g e y ,C o te  d 'O r ;  B a th o n ia n  ( p o s s i b l y  d i s c u s  z o n e ) , 6 spec im en s .  
A d d i t i o n a l  m a t e r i a l :
C o t t e a u  c o l l e c t i o n , U n i v e r s i t é  de P a r i s - s u d , O rsa y ,
Lam bert c o l l e c t i o n , U n i v e r s i t é  de  P a r i s  -  6 ,
P a la e o e c o lo g y
L i t t l e  i s  known o f  t h e  p a la e o e c o lo g y  o f  N ,b u rg u n d ia e .
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Only ty p e  sp e c im en s , from th e  C o t te a u  c o l l e c t i o n , O rs a y ,were used 
i n  th e  b io m e t r i c a l  a n a ly s e s  and no d e t a i l e d  s t r a t i g r a p h i e  o r  
p a la e o e c o lo g y  d a ta  were s u p p l i e d  w ith  them.
Specimens c o l l e c t e d  from th e  type  l o c a l i t y ,S e lo n g e y ,w e r e  
from f i e l d s  and were too  b ad ly  damaged to  be used in  th e  s tu d y .
The s p e c im e n s , however were found i n  a s s o c i a t i o n  w i th  l a r g e  Fholadomya 
f i d i c u l a  up to  l l c m s .  lo n g  and s m a l l e r , o r n a t e  P . d e l t o i d e a , Small 
b rach iopods were a l s o  found in c lu d in g  E p i t h y r i s , W a t to n i th y r i s  and
S p h e n o rh y n ch ia . O th e r  e c h in o id s  in c lu d e d  N , l a t i p o r u s  and 
H o lec ty p u s  s p .
The se d im e n t  a t t a c h e d  to  th e  fauna  i s  a ru b b ly  b i o c l a s t i c  
l im e s to n e  s i m i l a r  to  th e  E n g l is h  C o rn b rash ,  The s t r a t a  may indeed  
be C ornb rash  i n  age  as  Cipy (1 9 6 4 :1 7 )  i n  a s h o r t  d e s c r i p t i o n  o f  
th e  B a th o n ia n  o f  th e  D i jo n  a r e a  d e s c r i b e s  a l im e s to n e  f a c i e s  in  
th e  Upper B a thon ian  r i c h  i n  o r g a n ic  d e b r i s .  P r e s e n t  a r e  b ryozoans ,  
e c h in o d e r m s ,o y s te r s ,b r a c h io p o d s  and r a r e  am m onites ,one  o f  th e  
ammonites b e in g  C ly d o n ic e ra s  d i s c u s ,g i v in g  a low er  C ornbrash  age 
to  th e  s e d im e n ts .
I n  t h i n  s e c t i o n  th e  ro c k  i s  a b ra c h io p o d -b iv a lv e  r i c h  
b i o m i c r i t e , w i t h  a l ig n m e n t  o f  th e  t a b u l a r  f o s s i l  a l lo c h e m s .  This 
may i n d i c a t e  c u r r e n t  a c t i v i t y  b u t  n o t  enough a c t i v i t y  t o  wash 
th e  m i c r o c r y s t a l i n e  ooze from th e  se d im e n t .
The m ass iv e  n a tu r e  o f  th e  i n f a u n a l  b iv a lv e s  and th e  a t t a c h e d  
e p i f a u n a  o f  b rach io p o d s  a l s o  seem to  s u g g e s t  an  environm ent 
o f  m odera te  e n e rg y ,
N u c l e o l i t e s  e lo n g a tu s  A g a s s i z  I 8 4 O 
( p l a t e  3 , f i g , l a - d )
1840 N u c l e o l i t e s  e lo n g a tu s  A g a s s i z , p , 4 ,
1847 •• •• A g a s s iz ;  A ga ss iz  & D e s o r ,p ,9 5 ,
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1848 N u c l e o l i t e s e lo n g a tu s A g a s s iz ;  Bronn, p . 818,
1850 • t A g a s s iz ;  d ’O rb ig n y ,  v , l , p , 3 4 5 , n o , 2 6 0 .
1854 E c h in o b r i s s u s  e lo n g a tu s  ( A g a s s i z ) ;  d 'O r b i g n y ,p ,2 4 .
1857 ( A g a s s i z ) ;  d ’O r b i g n y ,p ,391,
1857 «« ( A g a s s i z ) ;  D e s o r ,p ,3 6 5 ,
1857 %% ( A g a s s i z ) ;  P i c t e t , p , 217,
1857 %% ( A g a s s i z ) ;  C o t t e a u  & T r i g e r , p , 5 5 , p l , l O  ,
f i g s ,  8 - 1 1 ,
1859 •• ( A g a s s i z ) ;  W r i g h t , p , 356,
1859 E c h in o b r i s s u s  q u a d ra tu s  W righ t;  p , 3 4 4 ,p i , 2 6 , f i g , 1 ,
1863 N u c l e o l i t e s e lo n g a tu s A g a s s iz ;  B o n jo u r ,p , 19 ,
1864 A g a s s iz ;  B o n jo u r ,p . 28 ,
1865 II A g a s s iz ;  O g e r ie n ,  v , 3 , p , 6 7 5 .
1867 E c h in o b r i s s u s  e lo n g a tu s  ( A g a s s i z ) ;  G r e p p in ,p ,5 5 .
1869 II ( A g a s s i z ) ;  C o t t e a u  & T r i g e r , p , 4 1 9 ,
1871 1» II ( A g a s s i z ) ;  C o t t e a u , p , 2 6 4 ,p i , 72,
1921 ♦» II ( A g a s s i z ) ;  Lam bert & T h i e r y , p , 343,
1932 E c h in o b r i s s u s  c l u n i c u l a r i s  v a r , e l o n g a t u s  ( A g a s s i z ) ;  M e rc ie r ,
p , 2 2 9 ,p i , 1 0 , f i g , 3 ,
1962 K N u c le o l i t e s e lo n g a tu s A g a s s iz ;  K i e r , p , 5 7 , t e x t - f i g , 4 6 .
1968 II A g a s s iz ;  J e s io n e k - S z y m a n s k a , f ig s ,7 e  & f ,
1969 N u c l e o l i t e s c l u n i c u l a r i s  v a r ,  e lo n g a tu s  A g a s s iz ;  F i s c h e r , p , 202 ,
p i , 1 9 , f i g , 15 ,
1974 N u c l e o l i t e s e lo n g a tu s A g a s s iz ;  K i e r , f i g , 276 , '
Type spec im en
L o c a t io n  unknown; n o t  i n  Musée d ’H i s t o i r e  N a t u r e l l e , B as le  
( R .P a n c h a u d ,p e r s o n a l  c o m m u n ic a t io n ,1 9 7 7 ) ,
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D e s c r i p t i o n
T e s t  s m a l l  to  medium s i z e d , l o n g e r  th a n  w id e ,q u a d r a t e ,  
rounded  a n t e r i o r l y , t r u n c a t e d  p o s t e r i o r l y  w i th  a  deep  i n d e n t a t i o n  
form ed by th e  a n a l  s u lc u s  a t  t h e  p o s t e r i o r  b o r d e r ;  convex d o r s a l  
s u r f a c e , c o n c a v e  to  f l a t  b a s e ;  p e t a l o id ,n a r r o w  p o r i f e r o u s  zones, 
a n t e r i o r  ambulicrum s t r a i g h t , p o s t e r i o r  p a i r  l o n g e r  and f l e x u o u s .
A p ic a l  sy s tem  a n t e r i o r , t e t r a b a s a l , e l o n g a t e ,
P e r i p r o c t  s m a l l , n o t  v i s i b l e  from  th e  d o r s a l  s u r f a c e  i n  a d u l t  
s p e c i m e n s , a t  t h e  to p  o f  an  a n a l  s u lc u s  t h a t  r e a c h e s  to  th e  a p i c a l  
d i s c .
P e r is to m e  s m a l l , rounded  to  s u b - p e n t a g o n a l , a n t e r i o r , d i s t i n c t  
p h y l l o d e s , f a i n t  f l o s c e l l e .
T u b e r c le s  s m a l l .
D i s t i n g u i s h i n g  f e a t u r e s
N .e lo n g a tu s  i s  s u p e r f i c i a l l y  s i m i l a r  t o  N , l a t i p o r u s  a n d ,b e in g
o f t e n  found  i n  t h e  same h o r iz o n ,m ix e d  sam ples  a r e  d i f f i c u l t  to
s e p a r a t e  i n t o  t h e  two s p e c i e s .  H ow ever,a  d e t a i l e d  e x a m in a t io n
o f  t h e  p e r i p r o c t , b r e a d t h  r e l a t i v e  t o  l e n g t h , a n d  p e r i s to m e  w i l l
r e v e a l  s p e c i e s  w i th  d i f f e r e n t  g row th  p a t t e r n s  b u t  s i m i l a r  j u v e n i l e
m o rp h o lo g ie s .  I n d i v i d u a l  specim ens  o f  a d u l t  N ,e lo n g a tu s  a r e
d i s t i n g u i s h e d  i n  p o s s e s s in g  a s m a l l e r  p e r i s to m e  and p e r i p r o c t ,
t h e  p e r i p r o c t  n o t  b e in g  v i s i b l e  from  th e  d o r s a l  s u r f a c e  i n  a d u l t s ,
more e lo n g a t e  and q u a d r a t e  fo rm ,a n d  a d e e p e r  i n d e n t a t i o n  made by
th e  a n a l  s u lc u s  a t  t h e  p o s t e r i o r  b o r d e r .  The s p e c i e s  i s  p ro b a b ly
c o n s p e c i f i c  w i t h  t h e  o t h e r  l a r g e  b i lo b e d  form s such  a s  N . t r i a n g u l a r i s
and N .c o r d a t u s , N ,e lo n g a tu s  i s  q u i t e  d i f f e r e n t  from th e  l a r g e
e lo n g a t e  form  o f  N . l a t i p o r u s , term ed N .ob longus  by d ’O rb ig n y ,a s
i n  t h i s  v a r i e t y  t h e  p e r i p r o c t  i s  l a r g e  and rem o te  from  th e  a p i c a l  
d i s c .
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Range
B a th o n ia n  ( p o s s i b ly  C ornb rash  o n ly )  o f  England and F ra n c e ,  
D i s c u s s io n
T h is  s p e c i e s , f i r s t  l i s t e d  by A g a s s iz  (1840 ),  i s  p ro b a b ly  
c o n s p e c i f i c  w i th  W r ig h t ' s  N .q u a d ra tu s  1859 a l s o  from  th e  C o rn b rash ,  
M e rc ie r  (1932 )  c o n s id e r e d  N .e lo n g a tu s  a v a r i e t y  o f  N . l a t i p o r u s  
( M e r c i e r "s N . c l u n i c u l a r i s ) , p ro b a b ly  b e c au se  o f  th e  s i m i l a r i t y  o f  
j u v e n i l e  spec im ens  o f  th e  two s p e c i e s .  M e r c i e r *s i n t e r p r e t a t i o n  
i s  s h a re d  by F i s h e r  ( 1 9 6 9 ) ,  T h is  s p e c i e s  i s  e n d o c y c l i c , a s  d e s c r ib e d  
by Je s io n e k -S zy m a n sk a  (1 9 6 8 ) ,
M a te r i a l
M easured specim ens  used  i n  th e  b i o m e t r i c a l  a n a l y s e s :
Lam bert C o l l e c t i o n , U n i v e r s i t é  de P a r i s - 6 , 1  specim en  l a b e l l e d  
N . e l o n g a t u s , B a th o n ia n ,
P e r s o n a l  c o l l e c t i o n s  from :
S t r a t t o n  A u d ie y ,O x f o r d s h i r e ;  d i s c u s  z o n e ,7 sp e c im en s ,
S ig n y  L 'A b b ay e ,A rd e n n e s ;  d i s c u s  z o n e , l  spec im en .
P a la e o e c o lo g y
N .e lo n g a tu s  i s  found  a t  S t r a t t o n  A udley  i n  a  t y p i c a l  -
C o rn b rash  l i t h o l o g y ;  a  v e r y  f o s s i l i f e r o u s , c o a r s e  b i o c l a s t i c  l im e s t o n e .
The fa u n a  i s  dom ina ted  by b ra c h io p o d s  and b i v a l v e s .  The 
b r a c h io p o d s a r e  r e p r e s e n t e d  m a in ly  by t e r e b r a t u l i d s  e , g .  th e  g lo b o se  
O b o v o th y r is  magnobovat a , l a r g e  C e r e r i t h y r i s  and th e  g lo b o se  
r h y n c h o n e l l i d  K a l l i r h y n c h i a , The b iv a l v e s  o c c u r  m a in ly  a s  bu rrow ers  
and s m a l l  e p i f a u n a  e . g ,  many PIeurom ya and M e le a g r i n e l l a  e c h i n a t a . 
There  a r e  a l s o  many o y s t e r s , p e c t i n i d s  and l a r g e  and sm a l l  Pholadomya, 
O th e r  f a u n a  i n c l u d e s  c a s t s  o f  l a r g e  g a s t r o p o d s , s m a l l  s o l i t a r y  
c o r a l s  and b e le m n i t e s .
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N .e lo n g a tu s  i s  a l s o  found i n  a s s o c i a t i o n  w i th  o t h e r  e c h in o id s  
e . g .  th e  s n a i l e r  N . l a t i p o r u s , th e  sm a l l  h e m ic id a r o id  Hypodiadema 
and f ra g m e n ts  o f  l a r g e  c l y p e i i d s .
The se d im e n t  i s  a p o o r ly  washed b iv a lv e - b r a c h io p o d  b i o s p a r i t e .  
The b i o c l a s t i c  a l lo c h em s  a r e  dom ina tëd  .by sm a l l  t a b u l a r  f ra g m en ts  
o f  b iv a l v e s  and brachiopods o f t e n  bound by t r a p p e d  m i c r i t e .  A lthough 
l a r g e  p a tc h e s  o f  m i c r i t e  a r e  p r e s e n t  i n  th e  s e d i m e n t , t h e r e  i s  a 
s p a r r y  c a l c i t e  cem ent and d ru sy  c a l c i t e  i n f i l l i n g s  w i t h i n  
r e c r y s t a l l i s e d  m o l lu s c a n  f ra g m e n ts .
The s k e l e t a l  f ra g m e n ts  a r e  c o a te d  w i th  m i c r i t e .  These 
i n c l u d e  l a r g e  and s m a l l  f ra g m e n ts  o f  p u n c ta t e  and i n p u n c t a t e  
b raC lio  pods and t h i c k  s h e l l e d  b iv a lv e s , s o m e  g a s t r o p o d s , t a b u l a r  
e c h in o id  p l a t e s , f o r a m i n i f e r a  and some o s t r a c o d s  i n f i l l e d  w i th  
m i c r i t e .  A few a l g a l  o n c o l i t h s  and c o r a l l i n e  a lg a e  a r e  a l s o  p r e s e n t .  
No o o l i t h s  c a n  be s e e n  i n  t h i n  s e c t i o n  b u t  t h e r e  a r e  some l a r g e  
round  to  e lo n g a t e  amorphous p e lo i d s  composed o f  l i g h t  m i c r i t i c  
a l lo c h e m s .  The r o c k  a s  a w hole  i s  p o o r ly  s o r t e d .
A lth o u g h  much m i c r i t e  h a s  been  l e f t  unwashed from  th e  
se d im e n t  l a r g e  amounts o f  h i g h l y  a b ra d e d  sm a l l  t a b u l a r  b i o c l a s t i c  
f ra g m e n ts  have  been b ro u g h t  i n t o  t h e  a r e a  by c u r r e n t s .  T h is  mayj 
t h e r e f o r e , i n d i c a t e  a n  o r i g i n a l  s e d im e n ta ry  env ironm en t o f  m odera te  
e n e rg y  c o n d i t i o n s .
One spec im en  o f  N .e lo n g a tu s  was a l s o  found  a t  S igny  1 'Abbaye, 
A r d e n n e s , i n  a s s o c i a t i o n  w i th  N .am p lus ,a n d  f ra g m e n ts  o f  c l y p e i i d s  
w i t h i n  a se q u e n c e  o f  b i o c l a s t i c  p e l o i d a l  l i m e s t o n e s .  A lthough  th e  
spec im en  i s  brokfen i t  shows no s ig n s  o f  w ear o r  e n c r u s t a t i o n  due 
to  t r a n s p o r t a t i o n .  The s u c c e s s io n  a t  S igny  a g a in  seems to  r e p r e s e n t  
a n  e n v iro n m en t  o f  m o d era te  e n e rg y  and o r g a n ic  r i c h  s e d im e n ts  
( s e e  p , 48 ) ,
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N u c l e o l i t e s  l a t i p o r u s  A g a s s iz ,  1839 
( P l a t e  3 , f i g , l a - d )
1678 L i s t e r , p . 2 3 3 ,p l . 7 , f i g , 26.
1712
■
Llhwyd; M o rto n ,p . 2 3 3 , p l , 1 0 , f i g , 9 .
1732 E c h in o b r i s s u s  p l a n i o r B r e y n i u s , p . 6 3 , p l . 6 , f i g s . l - 2 ,
1817b C lypeus c l u n i c u l a r i s (L lh w y d )( in  p a r s ) ;  S m i t h ,p .6 9 ,1 1 0 ,
1828 C lypeus l o b a t u s F le m in g ,p ,479,
1829 C lypeus c l u n i c u l a r i s ( p a r s ) ;  P h i l l i p s , p . 1 1 5 ,p l . 7 , f i g . 2 ,
1830 N u c l e o l i t e s c l u n i c u l a r i s  ( S m i th ) ;  B l a i n v i l l e , v , 6 0 , p . l 8 8 .
1834 II I l ( S m i t h ) ; B l a i n v i l l e , p . 2 0 6 , p l . l 6 , f i g
1836 II II (S m i th ) ;  A g a s s i z , p . 186 ,
1837 «I
/
II (L lhw yd);  B r o n n ,p ,282, (fo rm  A), 
p l . 1 7 a , f i g , 13 ,
1837 •• II ( S m i th ) ;  Des M o u l i n s ,p ,3 5 8 ,n o .15 ,
1837 II II (S m i th ) ;  A g a s s i z , p . 278,
1839 N u c l e o l i t e s l a t i p o r u s A g a s s i z , p . 6 3 , p l , 7 , f i g s , 1 3 -1 5 ,
1840 i l A g a s s iz ;  A g a s s i z , p , 4 ,
1840 N u c l e o l i t e s c l u n i c u l a r i s  ( P h i l l i p s ) ;  D u j a r d i n ,v ,3 ,p ,3 4 5 ,n o ,7
1843 II ( P h i l l i p s ) ;  M o r r i s , p . 55 ,
1845 C lypeus c l u n i c u l a r i s ( P h i l l i p s ) ;  Buckman & S t r i c k l a n d , p , 73 ,
1847 N u c l e o l i t e s c l u n i c u l a r i s  ( S m i th ) ;  A g a s s iz  & D e s o r , p , 95 ,
1847 N u c l e o l i t e s l a t i p o r u s A g a s s iz ;  A g a s s iz  & D e s o r , p . 95,
1847 N u c l e o l i t e s thurm anni A g a s s iz  & D e s o r , p . 95 ,
1848 N u c l e o l i t e s p y r a m id a l i s  M'Coy, v . 2 , p , 1 1 6 .
1848 N u c l e o l i t e s e a q u a l i s M'Coy, v , 2 , p , 1 1 6 .
1848 N u c l e o l i t e s c l u n i c u l a r i s  (L lhw yd);  B r o n n ,p ,818,
1848 N u c l e o l i t e s l a t i p o r u s A g a s s iz ;  B r o n n ,p ,818,
1848 II A g a s s iz ;  M a rc o u ,p ,7 9 ,
\57
1848 N u c l e o l i t e s  thu rm ann i A g a s s iz  & D eso r ;  M a rc o u ,p .7 9 .
1849 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  F o r b e s ,p l , 9 ,
1850 ** (L lhw yd);  C o t t e a u ,  v , l , p . 6 5 , p l . 4 , f i g s . 7 -1 2 ,
1850 N u c l e o l i t e s  c o n ic u s  C o t t e a u ;  v . l , p . 6 4 ,p l . 4 , f i g s . 4 -6 ,
1850 N u c l e o l i t e s  edmundi C o t t e a u ;  v . l , p . 6 7 ,p l . 5 , f i g s . 1 - 3 ,
1850 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  d 'O b ig n y ,  v . l , p . 3 1 9 ,n o . 402,
1850 N u c l e o l i t e s  l a t i p o r u s  A g a s s iz ;  d 'O r b ig n y ,  v . l , p . 2 9 0 ,n o . 499,
1850 N u c l e o l i t e s  c o n ic u s  C o t t e a u ;  d 'O r b ig n y ,  v . l , p . 3 1 9 ,n o . 405.
1850 N u c l e o l i t e s  thu rm ann i A g a s s iz  & D eso r;  d 'O r b ig n y ,  v . l , p . 3 1 9 ,n o , 404. 
1850 N u c l e o l i t e s  edmundi C o t t e a u ;  d 'O r b ig n y ,  v . l , p , 3 1 9 ,n o . 406.
1850 N u c l e o l i t e s  ob longus  d 'O r b ig n y ,  v . l , p . 3 1 9 ,n o . 407,
1850 N u c l e o l i t e s  s a r t h a c e n s i s  d 'O r b ig n y ,  v , l , p . 2 9 0 ,n o , 501,
1851 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  W r i g h t , p . 297,
1851 "  '* (L lhw yd);  Bronn, p . 152 ,
1852 N u c l e o l i t e s  l a t i p o r u s  A g a s s iz ;  G ie b e l ,  p ,3 2 2 ,
1853 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  G u e ra n g e r ,  p ,2 5 ,
1854 ' ” (L lhw yd);  F o rb e s ,  p . 84,
1854 E c h in o b r i s s u s  c l u n i c u l a r i s  (L lhw yd);  d 'O r b ig n y ,  p ,2 4 ,
1854 E c h in o b r i s s u s  l a t i p o r u s  ( A g a s s i z ) ;  d 'O r b ig n y ,  p ,2 4 ,
1854 E c h in o b r i s s u s  thu rm ann i  (A g a s s iz  & D e s o r ) ;  d 'O r b ig n y ,  p . 25 ,
1854 N u c l e o l i t e s  p y r a m id a l i s  M'Coy, p . 63,
1856 E c h i n o b r i s s u s  c l u n i c u l a r i s  (L lhw yd);  W rig h t ,  p ,3 1 0 ,
1857 ** ** (L lhw yd);  d 'O r b ig n y ,  v . 6 , p . 391,
1857 E c h in o b r i s s u s  l a t i p o r u s  ( A g a s s i z ) ;  d 'O r b ig n y ,  v , 6 , p . 391,
1857 E c h in o b r i s s u s  s a r t h a c e n s i s  ( d 'O r b ig n y ) ;  d 'O r b ig n y ,  v . 6 , p , 3 9 l ,
1857 E c h in o b r i s s u s  c o n ic u s  ( C o t t e a u ) ;  d 'O r b ig n y ,  v , 6 , p , 3 9 1 ,
1857 E c h in o b r i s s u s  edmundi ( C o t t e a u ) ;  d 'O r b ig n y ,  v , 6 , p , 3 9 1 ,
1857 E c h in o b r i s s u s  thu rm ann i  (A g a s s iz  & D e c o r ) ;  d 'O r b ig n y ,  v . 6 , p , 3 9 1 ,
1857 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  F i c t e t ,  v , 4 , p . 2 1 7 ,a t l a s , p l , 94,
f i g , 10 .
58
1857 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd); E t a l l o n ,  p . 22,
1857 E c h in o b r i s s u s  c l u n i c u l a r i s  (L lhw yd);  D e s o r , p , 2 6 3 ,p l , 3 0 , f i g s . 18 -20 ,
1857 ** ** (L lhw yd);  C o t t e a u , p , 5 2 , p l , 1 0 , f i g , 7 ,
1858 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  O p p e l ,  p ,4 5 7 ,
1858 '* ” (L lhw yd);  Leym erie  & R a u l in ,  p . 622,
1858 N u c l e o l i t e s  c o n ic u s  C o t t e a u ;  Leym erie  & R a u l in ,  p . 623,
1858 N u c l e o l i t e s  edmundi C o t t e a u ;  Leym erie  & R a u l in ,  p ,6 2 3 ,
1859 E c h in o b r i s s u s  c l u n i c u l a r i s  (L lhw yd);  W rig h t ,  p ,3 3 2 ,
1859 ” ” ( l l h w y d ) ;  C h a p u is ,  p , 1 0 6 , p l . 2 0 , f i g , 2
1859 "  •* (L lhw yd);  W rig h t ,  p . 25 ,
1863 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  B o n jo u r ,  p ,1 7 ,
1864 N u c l e o l i t e s  c o n ic u s  C o t t e a u ;  B on jou r ,  p . 20,
1864 N u c l e o l i t e s  l a t i p o r u s  A g a s s iz ;  B o n jo u r ,  p ,2 0 ,
1864 N u c l e o l i t e s  thu rm ann i A g a s s iz  & D eso r ;  B on jou r ,  p . 20,
1864 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  B o n jo u r ,  p . 24 ,
1864 E c h in o b r i s s u s  c l u n i c u l a r i s  (L lhw yd);  Z e j s z n e r ,  t a b l e ,
1864 ** *' (L lhw yd);  S eebach , p , 4 3 ,p ,7 4 ,
1864 N u c l e o l i t e s  l a t i p o r u s  A g a s s iz ;  W in k le r ,  p . 200,
1865 E c h in o b r i s s u s  c l u n i c u l a r i s  (L lhw yd);  H uxley & E t h e r i d g e ,  p ,2 2 2 ,  
1865 '* •' (L lhw yd);  Eudes D e s lo n g c h a m p s ,p . l5 5 ,
1865 N u c l e o l i t e s  c o n ic u s  C o t t e a u ;  O g e r ie n ,  p . 736 , “
1865 N u c l e o l i t e s  l a t i p o r u s  A g a s s iz ;  O g e r ie n ,  p . 736 ,
1865 N u c l e o l i t e s  thu rm ann i A g a s s iz  & D eso r ;  O g e r ie n ,  p ,7 3 6 ,
1865 N u c l e o l i t e s  c l u n i c u l a r i s  (L lhw yd);  O g e r ie n ,  p»736.
1867 E c h i n o b r i s s u s  c l u n i c u l a r i s  (Llhwyd) 
1867 ** ** (Llhwyd)
1867 ** ** (L lhwyd)
1867 « ” (Llhwyd)
1868 •• •• (Llhwyd)
Moesch, p . 36,
Moesch, p ,9 7 ,
Laube, p . 2 , p l , l , f i g , l ,  
G re p p in ,  p ,5 5 ,  
Dewalque, p ,3 5 4 .
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1868 E c h in o b r i s s u s c l u n i c u l a r i s  (L lhw yd);  G u i l l i e r ,  p ,2 5 .
1869 1% (L lhw yd);  C o t t e a u  & T r i g e r ,  p ,4 1 9 .
1869 I# II (L lhw yd);  B rauns , p ,6 4 .
1869 »# II (L lhw yd);  W rig h t ,  p . 49 ,
1870 I t II (L lhw yd);  G re p p in ,  p , 5 1 ,p ,5 6 .
1871 II II (L lhw yd);  Desor & L o r i o l ,  p . 305, 
p l , 4 8 , f i g s , 3 -8 ,
1871 II II (L lhw yd);  C o t te a u
1913 N u c l e o l i t e s  c l u n i c u l a r i s (L lhw yd);  J a c k s o n ,  f i g . 4 0 8 , a , b .
1921 E c h in o b r i s s u s c l u n i c u l a r i s  (L lhw yd);  C o t te a u ,L a m b e r t  & T h i e r y , p , 343
1925 II II (L lhw yd);  Deecke, p . 440.
1932 II II (L lhw yd);  M e rc ie r ,  p . 2 2 7 ,p l . 1 0 , f i g . 1 .
1932 E c h in o b r i s s u s l a t i p o r u s ( A g a s s i z ) ;  M e rc ie r ,  p , 2 3 2 ,p l . 1 0 , f i g , 5 ,
1933 E c h i n i b r i s s u s c l u n i c u l a r i s  (L lhw yd);  B e u r le n ,  p , 5 3 , f i g , 8.
1948 (L lhw yd);  M ortensen , p . 1 7 2 , f i g s . 149 ,
1 5 1 ,1 5 4 ( e ) ,
1962 N u c l e o l i t e s  c l u n i c u l a r i s ( P h i l l i p s ) ;  K i e r ,  p . 63,
1967 II ( S m i th ) ;  B,M .N.H., p l , 4 4 , f i g . 2 ( p a r s ) .
1968 II (L lhw yd);  J e s io n e k -S zy m a n sk a ,  f i g , 8 a ,
1974 II ( P h i l l i p s ) ;  K i e r , f i g . 2 7 c ,
Type specim en
L o c a t io n  unknown; th e  spec im en  b e lo n g s  t o  t h e  G r e s s l y  c o l l e c t i o n  
( N .P a n c h a u d ,p e r s o n a l  com m unica tion)  b u t  i s  n o t  a t  B a s le  o r  m en tioned  
i n  t h e  S o lo th u r n  Museum ty p e  c a t a lo g u e  (L ederm ann ,1 9 6 7 ) ,
D e s c r i p t i o n
T e s t  s u b q u a d ra te  to  e l o n g a t e , a n t e r i o r  m arg in  rou n d ed , 
p o s t e r i o r  b i l o b e d ;  a b o r a l l y  i n f l a t e d , o f t e n  c o n i c a l , a d o r a l l y  f l a t ,  
concave  tow ards  t h e  p e r i s t o m e , s l i g h t  d e p r e s s i o n  form ed by a n t e r i o r
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ambulacrum o n ly  on a d o r a i  s u r f a c e ;  am bu lacra  p e t a l o i d , o p e n , l o n g .  
A p ic a l  sys tem  s u b - c e n t r a l , t e t r a b a s a l ,
P e r i p r o c t  l a r g e , s u p r a m a r g i n a l , i n  d e e p ,w id e  s u lc u s  t h a t  
u s u a l l y  r e a c h e s  to  th e  a p i c a l  d i s c , a l t h o u g h  th e  p e r i p r o c t  may n o t  
be i n  c o n t a c t  w i th  th e  d i s c ;  s u lc u s  w idens tow ards th e  p o s t e r i o r  
m a rg in .
P e r is to m e  c i r c u l a r , becoming p e n ta g o n a l  i n  th e  a d u l t ,  
a n t e r i o r ;  no b o u r r e l e t s , poor deve lopm en t o f  th e  f l o s c e l l e .
D i s t i n g u i s h i n g  f e a t u r e s ,
N . l a t i p o r u s  i s  m ost s i m i l a r  t o  N . s c u t a t u s .The a f f i n i t i e s  
and d i f f e r e n c e s  o f  t h e s e  two s p e c i e s  a r e  d i s c u s s e d  u n d e r  th e  
s y s t e m a t i c  p a la e o n to lo g y  o f  N . s c u t a t u s . N . l a t i p o r u s  o c c u rs  th ro u g h o u t  
s t r a t a  o f  Upper B a jo c ia n  and B a th o n ia n  a g e ,b u t  i s  r a r e l y  as  
n u m e r i c a l ly  a b u n d a n t  a t  any one h o r i z o n  as  N . s c u t a t u s  i s  i n  th e  
Upper O x fo rd ia n .  F o r  t h i s  r e a s o n ,p e r h a p s , c o m p l e t e  r a n g e s  i n  form 
t y p i c a l  o f  a  l a r g e  l i v i n g  p o p u l a t i o n  a r e  n o t  s e e n  i n  th e  f o s s i l  
s t a t e .  Many names have  t h e r e f o r e  been e s t a b l i s h e d  f o r  t h e  d i f f e r e n t  
m o rp h o lo g ic a l  v a r i a n t s , m o s t  now c o n s id e r e d  to  be synonymous w i th  
N . l a t i p o r u s  ( e . g .  C o t t e a u  1 8 7 1 ) ,
N . l a t i p o r u s  i s  s i m i l a r  to  N .e l o n g a tu s , i n  f a c t  j u v e n i l e  
specim ens  o f  b o th  s p e c i e s  a r e  v e r y  d i f f i c u l t  t o  d i s t i n g u i s h  from 
each  o t h e r .  M e rc ie r  (1932 )  c o n s id e r e d  N .e lo n g a tu s  as  o n ly  a v a r i e t y  
o f  h i s  E c h in o b r i s s u s  c l u n i c u l a r i s . Young form s o f  N .e lo n g a tu s  
a r e  d i s t i n g u i s h e d  by t h e i r  more e lo n g a t e  shape  and s m a l l e r  p e r i p r o c t ,  
w h i l e  a d u l t  form s a r e  d i s t i n g u i s h e d  by t h e i r  s m a l l e r  p e r i s to m e ,  
d e e p e r  i n d e n t a t i o n  o f  t h e  p o s t e r i o r  b o r d e r  and e c c e n t r i c a l l y  
p o s t e r i o r  a p i c a l  d i s c ,  N . l a t i p o r u s  d i f f e r s  from  th e  l a r g e r , o r b i c u l a r  
n u c l e o l i t i d s , s u c h  a s  N .am p lus , N .b u rg u n d ia e  and N . o r b i c u l a r i s  i n  
i t s  more e l o n g a t e , c o n i c a l , s u b q u a d r a t e  shape  and b i lo b e d  fo rm .
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As y e t  no s i g n i f i c a n t  d i f f e r e n c e s  have  been found to  
d i s t i n g u i s h  be tw een  th e  I n f e r i o r  O o l i t e , G r e a t  O o l i t e  and C ornb rash  
sp e c im e n s ,w h ic h  t h e r e f o r e  m u s t , f o r  th e  p r e s e n t , b e  r e g a r d e d  as  
c o n s p e c i f i c ,
/ '
Range
p a r k in s o n i  zone to  m a r ia e  zone (u p p e r  B a jo c ia n  to  low er  
O x fo rd ia n )  o f  E n g la n d ,F ra n c e  and th e  Swiss and German J u r a , a c c o r d i n g  
t o  c u r r e n t  u s a g e ;  p a r k in s o n i  zone to  to p  o f  C a l lo v i a n  as  d e f in e d  
h e r e i n  ( p ,3 1 3 ) .
D i s c u s s io n
A lthough  Llhwyd (1698)  i s  c o n s id e r e d  by m ost l a t e r  w orkers  
to  be t h e  a u th o r  o f  N . c l u n i c ü l a r i s  ( e , g .  d 'O r b ig n y  1857 , C o t te a u  1871, 
Lam bert & T h ie ry  1921 , M ortensen  1948) t h e r e  i s  o b v io u s ly  no 
v a l i d i t y  i n  t h i s  d e s i g n a t i o n  u n d e r  A r t i b l e  1 1 a ,  o f  th e  r u l e s  o f  
th e  I ,C ,Z ,N ,  The f i r s t  p o s t - L in n a e a n  u se  o f  t h i s  s p e c i f i c  name 
among n i i c l e o l i t i d  e c h in o id s  i s  by W illiam  Sm ith  when d e s c r i b i n g  
C o r a l l i a n ,C o r n b r a s h ,G r e a t  and I n f e r i o r  O o l i t e  specim ens o f  a  sm a l l  
i r r e g u l a r  e c h in o id  f o r  w hich h e  gave a f u l l  s y s t e m a t i c  d e s c r i p t i o n  
to  th e  C o ra l  Rag form  (Sm ith  1 8 1 7 a ,p .5 9 ) ,  The h o lo ty p e  o f  S m ith 's  
m a t e r i a l , a  C o r a l l i a n  spec im en  from  M aggo t 's  H i l l  ( i l l u s t r a t e d  
i n  Sm ith  1 8 1 7 b ) , i s  i d e n t i f i e d  o n ly  a s  C ly p e u s ,b u t  i n  h i s  'O b s e rv a t io n s  
on E c h i n i '  (S m ith  1817a) he  r e f e r s  a g a in  to  t h i s  s p e c i e s  as  C lypeus 
s p e c i e s  n o , 2 ( c l u n i c u l a r i s  L lhw yd), He n o t i c e s  t h a t  i t  o c c u rs  
r e p e a t e d l y  i n  t h e s e  s t r a t a  a l th o u g h  ' , , ,  a  c o n s id e r a b l e  d i f f e r e n c e  
i n  a p p e a ra n c e  may be t r a c e d  betw een th e  specim ens from  th e  P i s o l i t e  
and o t h e r s  from  th e  C o rn b rash  and O o l i t e s ,  These l a s t  a r e  t h in n e r  a t  
t h e  e d g e ,w i th  a  more u n d u la te d  b a se  and f l a t t e r  s i d e s , p a r t i c u l a r l y  
t h a t  s i d e  c o n t a i n i n g  th e  g r o o v e , ' Sm ith f u r t h e r  shows t h a t  a l th o u g h  
a change i n  m orphology i s  a p p a r e n t  he  was u n a b le  t o  i s o l a t e
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d i a g n o s t i c  c h a r a c t e r s  d i s t i n g u i s h i n g  th e  two forms w hich we must 
t h e r e f o r e  c o n c lu d e  to  have  been c o n s id e r e d  c o n s p e c i f i c ,
Conybcre  & P h i l l i p s  ( 1 8 2 2 ,p . 188) and P h i l l i p s  (1829)  
r e f e r  to  ' C lypeus  c l u n i c u l a r i s  ( S m i t h , f i g . 6 ) '  from  th e  C o ra l  Rag, 
P h i l l i p s  a l s o  f o l l o w in g  S m i th 's  r a n g e  f o r  th e  s p e c i e s  by l i s t i n g  
i t s  o c c u r r e n c e  i n  th e  M iddle  J u r a s s i c , S m i t h  i s  t h e r e f o r e  c l e a r l y  
c o n s id e r e d  th e  a u th o r  o f  N . c l u n i c u l a r i s  h a v in g  d e s c r ib e d ,n a m e d  
and f i g u r e d  t h i s  s p e c i e s  i n  1 8 1 7 ,h i s  ' f i g u r e  6 '  b e in g  d e s ig n a t e d  
th e  h o lo ty p e  by C onybere & P h i l l i p s  ( 1 8 2 2 ) ,F lem ing (1828 )  and 
P h i l l i p s  ( 1 8 2 9 ) ,
However,when th e  a u th o r  examined S m ith 's  h o lo ty p e  (B.M. 
n o . E . 4 9 5 ) , from  th e  C o r a l l i a n  o f  M aggo t 's  H i l l , C o l e s h i l l , i t  was 
a p p a r e n t  t h a t  i t  i s  a spec im en  o f  N . s c u t a t u s  Lam arck ,1 816 , The 
spec im en  h a s  t h e  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  o f  N .s c u t a t u s  i n
I
b e in g  r o u n d e d ,d e p r e s s e d ,h a v in g  tum id s i d e s , a  p e r i p r o c t  l y i n g  
some d i s t a n c e  from  th e  a p i c a l  s y s te m ,a  deep  i n d e n t a t i o n  on th e  
p o s t e r i o r  m arg in  made by th e  s u lc u s  and an  u n d u la te d  b a s e .  See 
a l s o  p ,  181 f o r  a  com puter  c l a s s i f i c a t i o n  o f  t h i s  spec im en . S m i th 's  
p a r a t y p e s , f r o m  th e  C o rn b rash  and I n f e r i o r  O o l i t e , a r e  a l l  c o n s id e r e d  
good spec im ens  o f  N . c l u n i c u l a r i s ,
N u c l e o l i t e s  c l u n i c u l a r i s  (S m ith )  a u c t ,  i s  t h e r e f o r e  a 
j u n i o r  s u b j e c t i v e  synonym o f  N u c l e o l i t e s  s c u t a t u s  Lamarck and th e  
n e x t  a v a i l a b l e  name h as  been  s o u g h t  u n d e r  A r t i c l e  23e ( i i i )  o f  th e  
I ,C ,Z ,N ,
N .sow erby i  D e f r a n c e ,1 8 2 5 ,has  been c o n s id e r e d  synonymous 
w i th  N . c l u n i c u l a r i s  by some a u th o r s  ( e . g ,  C o t te a u  1871) a l th o u g h  
when f i r s t  d e s c r i b e d  by D e f ra n c e  and B l a i n v i l l e  (1825 )  th e  genus 
c o n ta in e d  many s p e c i e s  s i n c e  removed to  o t h e r  g e n e ra .  I n  a l a t e r  
volume o f  th e  same work B l a i n v i l l e  (1830 )  e s t a b l i s h e s  t h e  new 
genus E c h in o c ly p e u s  ( s y n , C lypeus L e s k e ) ,  d i s t i n g u i s h e d  on th e
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p r e s e n c e  o f  a f l o s c e l l e , i n t o  which he  p lac e d  N .sow erby l and 
N . p a t e l l a  ( s y n ,  C lypeus p l o t i i  L e s k e ) ,  B l a i n v i l l e  a l s o  in c lu d e s  
N . c l u n i c u l a r i s  am ongst t h e  n u c l e o l i t i d s  f o r  t h e  f i r s t  t im e  making 
r e f e r e n c e  to  F lem ing (1828) and S m i th 's  f i g u r e  6 , I t  t h e r e f o r e  
seems u n l i k e l y  t h a t  N .sow erby i  and N . c l u n i c u l a r i s  a r e  synonymous, 
a  v iew  a p p a r e n t l y  s h a re d  by A g a s s iz  (1 8 3 6 ,1 8 3 9 )  who a l s o  p la c e s  
t h e  two s p e c i e s  i n  C lypeus and N u c l e o l i t e s  r e s p e c t i v e l y ,
C . l o b a tu s  F le m in g ,1 8 2 8 , i s  p ro b a b ly  synonymous w i th
N . c l u n i c u l a r i s . He r e f e r s  L i s t e r ' s  B a th o n ia n  specim en  ( L i s t e r  1678)
/
t o  h i s  new s p e c i e s , d e s c r i b i n g  i t  w i th  ' t h e  g roove  deep  and d i v i d i n g  
t h e  m a rg in  i n t o  two l o b e s , '  (F lem ing  1 8 2 8 ) .  He r i g h t l y  c o n s id e r s  
C . l o b a t u s  d i s t i n c t  from  C . c l u n i c u l a r i s  o f  S m i t h ,d e s c r ib i n g  i t  
s im p ly  a s  ^ o v & l ' , t h i s  s p e c i e s  h a v in g  been  e s t a b l i s h e d  a s  synonymous 
w i th  N . s c u t a t u s ( s e e  a b o v e ) .  In d ee d  N . s c u t a t u s  i s  c h a r a c t e r i s e d  
as  b e in g  more o v a l  and l e s s  l o b a t e  th a n  N . c l u n i c u l a r i s . However 
t h e  s p e c i f i c  name N . lo b a tu s  F lem ing n e v e r  a p p e a r s  to  have  been 
u se d  i n  th e  l i t e r a t u r e  s i n c e  1828 and t h e r e f o r e  becomes a  nomen 
o b l i tu m  u n d e r  A r t i c l e  23b o f  t h e  I ,C ,Z ,N ,
The n e x t  a v a i l a b l e  name i s  N . l a t i p o r u s  A g a s s i z ,1 8 3 9 ,c o n s id e r e d
synonymous w i th  N . c l u n i c u l a r i s  by many a u th o r s  ( e . g .  W right 1859,
C o t t e a u  1 8 7 1 ) , b u t  r i g h t l y  c o n s id e r e d  a  d i f f e r e n t  s p e c i e s  t o  “
N . c l u n i c u l a r i s  o f  Sm ith  and F lem ing by A g a s s iz  h im s e l f  (A g a s s iz  and
t
D eso r  1 8 4 7 ) ,  The s p e c i f i c  name o f  N . l a t i p o r u s  has  o f t e n  been  used  
f o r  v a r i e t i e s  o f  N . c l u n i c u l a r i s  ( e . g . M e rc ie r  1932) t h a t  a r e  c o n s id e re d  
somewhat f l a t t e r  th a n  u s u a l , b u t  an  i n s p e c t i o n  o f  th e  e x c e l l e n t  
f i g u r e s  o f  A g a s s iz  (1839 )  and o f  h i s  c a s t s  ( s e e  B io m e t r ic a l  a n a l y s i s  
below ) shows th e  two names t o  be synonymous. Under th e  r u l e s  o f  
t h e  I ,C ,Z ,N ,  N u c l e o l i t e s  l a t i p o r u s  A g a s s iz  i s  t h e r e f o r e  th e  v a l i d  
name f o r  N . c l u n i c u l a r i s  (S m ith )  a u c t .
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M a te r i a l
M easured specim ens  used  i n  th e  b i o m e t r i c a l  a n a l y s i s :
Lambert C o l l e c t i o n ,H y d r e q u e n t ,P a s - d e - C a l a i s ; B a th o n ia n ,9 spec im ens .  
W illiam  S m i th 's  ty p e  c o l l e c t i o n , B r i t i s h  Museum ( N a tu r a l  H i s t o r y ) ,
4 sp e c im e n s ,
■
d 'O r b i g n y ' s  ' t y p e '  s p e c im e n s ,C o t te a u  C o l l e c t i o n , U n i v e r s i t é  de P a r i s - s u d ,  
O r s a y ,5 s p e c im e n s .
P e r s o n a l  c o l l e c t i o n s  from :
S t r a t t o n  A u d le y ,O x f o rd s h i r e ;  d i s c u s  zone , 15 s p e c im en s ,
T a l a n t jC o te  d 'O r ;  m acroc 'ephalus zone , 10 sp e c im en s .
Specim ens c o l l e c t e d  b u t  n o t  used  i n  th e  b i o m e t r i c a l  a n a ly s e s :  
B u r ton  B r a d s t o c k ,D ô r s e t ; d i s c u s  zone , 2 sp e c im en s ,
K i r t l i n g t o n , O x f o r d s h i r e ;  d i s c u s  z o n e ,  4 sp e c im en s .
Lower S t a n to n - 1 e - Q u e n t in ,  W i l t s ;  d i s c u s  zone , 1 spec im en ,
R a n v i l l e ,C a l v a d o s ;  d i s c u s  zo n e ,  5 sp e c im e n s ,
L u c - s u r -M e r ,C a lv a d o s ;  d i s c u s  z o n e ,  3 s p e c im en s ,
T h in - l e - M o u t ie r ,A r d e n n e s ;  z ig z a g  zo n e ,  6 s p e c im en s ,
C ra n fo rd  S t . J o h n ,  N o r th a n t s ;  s u b c o n t r a c t u s  zone , 6 sp e c im en s ,
A ston  B lank , G l o u c e s t e r s h i r e ;  p a r k in s o n i  zone , 4 sp e c im en s ,
C h a te l  C e n s o i r ,  Yonne; B a th o n ia n ,  2 sp e c im e n s ,
F e r q u e s ,P a s  de  C a l a i s ;  Lower B a th o n ia n ,  2 sp e c im en s ,
S e lo n g e y ,  C o te  d 'O r ;  B a th o n ia n ,  1 sp ec im en ,
V i l l e r s - 1 e - T o u r n e u r ,  A rdennes ;  Lower O x f o r d ia n ,  1 spec im en .
A d d i t i o n a l  m a t e r i a l  exam ined:
Lam bert c o l l e c t i o n , U n i v e r s i t é  de P a r i s  6 ,
C o l l e c t i o n  o f  Musée d 'H i s t o i r e ,  N a t u r e l l e  , P a r i s ,
C o l l e c t i o n  o f  U n i v e r s i t é  de  D i jo n ,
P a la e o e c o lo g y
N . l a t i p o r u s , u n l i k e  N . s c u t a t u s , i s  found a s s o c i a t e d  w i th  
a  v a r i e d  fa u n a  i n  c o a r s e  b i o c l a s t i c  l i m e s t o n e s , e s p e c i a l l y  w i t h i n
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t h e  C o rn b rash  w here i t  a p p e a rs  to  be most a b u n d a n t .  Indeed  i t  i s  
r a r e  to  f i n d  i t  a l o n e , i t  n e a r l y  a lw ays o c c u rs  w i th  o t h e r  e c h in o id s  
o f t e n  o t h e r  s p e c i e s  o f  N u c l e o l i t e s . I t  i s  commonly found w i th  
r h y n c h o n e l l i d  and t e r e b r a t u l i d  b ra c h io p o d s ,s h a l lo w  i n f a u n a l  and 
e p i f a u n a l  b i v a l v e s ,w i d e - a n g le  spired g a s t r o p o d s , s o l i t a r y  c o r a l s ,  
c l y p e i i d s  and r e g u l a r  e c h in o i d s .
I n  t h e  C o rn b rash  o f  S t r a t t o n  Audley N . l a t i p o r u s  i s  found 
i n  a s s o c i a t i o n  w i th  N ,e l o n g a tu s , Hypodiadema and f ra g m e n ts  o f  l a r g e  
c l y p e i i d s  i n  a  p o o r ly  washed b iv a lv e -b r a c h io p o d  b io s p a t i& e  
r e p r e s e n t i n g  m o d era te  ene rgy  c o n d i t i o n s  ( s e e  a l s o  p. 55 f o r  a 
d e t a i l e d  d e s c r i p t i o n  o f  t h e .p a l a e o e c o lo g y  o f  S t r a t t o n  A u d le y ) ,
I t  a l s o  o c c u rs  i n  a  v e r y  s i m i l a r  f a c i e s  o f  th e  C ornb rash  a t  
K i r t l i n g t o n  w i t h  f ra g m e n ts  o f  c l y p e i i d s ,  Douglas & A r k e l l  (1932) 
r e c o r d  i t  o c c u r r in g  w i th  e p i f a u n a l  p e c t i n i d s , Lima,d e e p  burrow ing  
b i v a l v e s  such  as  P leurom ya and Homomya,s h a l lo w  burrow ing  b iv a lv e s  
such  a s  T r ig o n ia  and As t a r t e  and th e  b rac h io p o d s  C e r e r i t h y r i s  
i n t e r m e d ia  and O b o v o th y r is  magnobovat a  i n  a  r u b b ly  and m ar ly  
l im e s t o n e .
A t S e longey  i t  o c c u rs  w i th  N .b u rg u n d ia e  and H o lec typus  
i n  a  b iv a lv e - b r a c h io p o d  b i o m i c r i t e  r e p r e s e n t i n g  m odera te  energy  
c o n d i t i o n s  ( s e e  a l s o  p,51 ) ,  I n  t h e  C lypeus G r i t  o f  A s ton  Blank 
i t  i s  found w i t h  N ,w oodw ardii  and Clypeus p l o t i i  i n  a  v e ry  p o o r ly  
washed o o s p a r i t e , a g a i n j r o b a b l y  r e p r e s e n t i n g  m o d era te  en e rg y  
e n v iro n m en ts  ( s e e  a l s o  p,82 ) ,  A t T h in - l e - M o u t ie r  i t  .occurs  i n  
a w e l l  w a s h e d ,w e l l  s o r t e d  p e l s p a r i t e  w i th  o n ly  sm a l l  p a tc h e s  o f  
m i c r i t e  p r e s e n t .  T here  a r e  two d i s t i n c t  s i z e s  o f  p e lo id s  -  more 
numerous s m a l l  p e lo i d s  and s c a t t e r e d  l a r g e r  p e lo i d s  a b o u t  t h i r t y  
t im es  a s  l a r g e  w hich  a r e  e lo n g a t e  to  ro u h d ed .  The f a u n a  in c lu d e s  
g a s t r o p o d s  and t a b u l a r  b i v a l v e  f r a g m e n t s .  I n  t h e  B l i s w o r th  L im estone  
8 f  C ra n fo rd  S t . J o h n  i t  o c c u rs  i n  a  f i n e  g r a in e d  muddy b i o c l a s t i c
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l im e s to n e  w i th  H o le c ty p u s  d e p re s s u s  and A c r o s a l e n i a , a l l  th e  e c h in o id s  
b e in g  v e ry  s m a l l  i n  s i z e .  The fau n a  i s  dom ina ted  by b ra c h io p o d s .
A t V i l l e r s - l e - T o u r n e u r  i t  i s  found a s s o c i a t e d  w i th  N .m ic r a u lu s , 
C o l l y r i t e s  b i c o r d a t a , Hyboclypus s a n d e l in u s  and H o lec ty p u s  d e p r e s s u s . 
However i t  seems to  be a s s o c i a t e d  w i th  th e  d e r iv e d  e p i f a u n a  and 
may n o t  be an  i n h a b i t a n t  o f  t h i s  h ig h  en e rg y  e n v ironm en t ( s e e  
a l s o  p ,7 0  ) ,
The p a la e o e n v iro n m e n ts  seem to  be o f  f a i r l y  s h a l lo w  w a te r  
muddy s h e l l  g r a v e l s  w i t h  burrow ing  and e p i f a u n a l  e le m e n ts .  However 
i t  i s  d i f f i c u l t  to  s p e c u l a t e  on th e  p a la e o e c o lo g y  o f  N . l a t i p o r u s , 
a s  d e f i n e d  h e r e i n , a s  th e  s p e c i e s  i s  found i n  a  v a r i e t y  o f  
s e d im e n ta ry  f a c i e s  o v e r  a w ide  t im e  r a n g e , f ro m  th e  Upper B a jo c ia n  
to  t h e  Lower O x f o r d ia n ,
N u c l e o l i t e s  m ic ra u lu s  A g a s s i z ,1839 
( P l a t e  4 , f i g l a - d )
1839 N u c l e o l i t e s  m ic ra u lu s  A g a s s iz ,  p . 4 3 , p l , 7 , f i g s ,  1 6 -1 8 ,
1840 M »« A g a s s iz ; A g a s s i s ,  p ,4 .
1847 »» «» A g a s s iz ; A g a s s iz  & D e s o r ,  p ,9 6 .
1848 t t II A g a s s iz ; Bronn, p ,8 1 8 .
1848 *1 I t A g a s s iz ; Marcou, p ,9 4 .
1850 I I A g a s s iz ; d ’O rb ig n y ,  v . l , p , 3 4 5 ,N o,459
1852 I* II A g a s s iz ; B u v ig n ie r ,  p ,2 3 8 .
1854 E c h in o b r i s s u s m ic ra u lu s
1857 %%
1857 E c h in o b r i s s u s g o l d f u s s i
1857 ••
( A g a s s i z ) ;  d 'O r b ig n y ,  p ,3 9 2 ,  •
(non  D e sm o u lin s ) ;  D e so r ,  p ,2 6 7 ,
(non  D e sm o u lin s ) ;  C o t t e a u  & T r i g e r , p , 86, 
p l , 1 9 , f i g s , 1 - 2 ,
i l
1857 E c h in o b r i s s u s  g o l d f u s s i  (non  D e sm o u lin s ) ;  W r i g h t ,p .358,
1857 N u c l e o l i t e s  m ic ra u lu s  ( A g a s s i z ) ;  E t a l l o n ,  p ,2 5 2 ,
1860b E c h in o b r i s s u s  g o l d f u s s i  (non D e s m o u lin s ) ; E t a l l o n ,  p , 3 0 0 ,p l , 4 4 , f i g . 4, 
1864 - ** ** (non  D e sm o u lin s ) ;  E t a l l o n ,  p ,1 8 ,
1868 ** ** (non  D e sm o u lin s ) ;  G u i l l i e r ,  p . 26,
1869 ** '* (non  D e sm o u lin s ) ;  C o t t e a u  & T r i g e r , p , 491 ,
1871 E c h in o b r i s s u s  m ic ra u lu s  ( A g a s s i z ) ;  D esor & L o r i o l ,  p ,3 1 3 ,
p l . 50 , f i g s , 1 - 2 .
1874 *' ** ( A g a s s i z ) ;  C o t t e a u ,  v . 9 , p . 2 7 6 , p l , 7 5 ,
1921 C l i to p y g u s  m ic r a u lu s  ( A g a s s i z ) ;  Lam bert & T h ie r y ,  p ,3 4 6 ,
1925 E c h in o b r i s s u s  m ic ra u lu s  ( A g a s s i z ) ;  D eecke, p ,4 5 1 ,
1933 '* '* ( A g a s s i z ) ;  B e u r le n ,  p ,6 5 ,  f i g , 1 1 ,
Type spec im en
L o c a t io n  unknown, The ty p e  b e lo n g s  t o  t h e  G r e s s l y  c o l l e c t i o n ,  
b u t , a s  w i th  N . l a t i p o r u s  i s  n e i t h e r  a t  B a s le  ( R .P a n c h a u d ,p e r s o n a l  
com m unica tion )  n o r  l i s t e d  i n  th e  S o lo th u r n  Museum ty p e  c a ta lo g u e  
(L ederm ann ,1 9 6 7 ) ,
D e s c r i p t i o n
T e s t  s m a l l  t o  medium s i z e d , l o n g e r  th a n  w id e ,ro u n d e d  a n t e r i o r l y ,  
o n ly  s l i g h t l y  i n d e n te d  by a n a l  s u lc u s  a t  p o s t e r i o r  b o r d e r ;  i n f l a t e d  
a b o r a l  s u r f a c e , t u m i d  s id e s , c o n c a v e  b a s e ,d e p r e s s e d  tow ards th e  
m outh; am b u lac ra  p e t a l o i d , l o n g , o p e n , o u t e r  p o re  e l o n g a t e , p o r i f e r o u s  
zone narrow  ; p h y l lo d e s  d e p r e s s e d , i n t e r a m b u l a c r a l  a r e a s  p rom inen t 
on a d o r a i  s u r f a c e .
A p ic a l  sy s te m  c e n t r a l , s m a l l , t e t r a b a s a l ,
P e r i p r o c t  s m a l l , h a r d l y  v i s i b l e  from  a b o r a l  v i e w , tw o - t h i r d s  
o f  t h e  d i s t a n c e  be tw een  a p i c a l  d i s c  and p o s t e r i o r  b o r d e r , i n  deep  
s h o r t  s u l c u s ;  t e s t  be tw een  p e r i p r o c t  and a p i c a l  d i s c  u n d e p re s s e d .
P e r i s to m e  p e n t a g o n a l , e c c e n t r i c  a n t e r i o r l y , v e r y  f a i n t l y  
d e v e lo p e d  f l o s c e l l e ,
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Distinguishing features
N .m ic ra u lu s  i s  most s i m i l a r  to  N .s c u t a t u s  b u t  o c c u rs  
e a r l i e r  i n  th e  O x fo rd ia n  and i s  d i s t i n g u i s h e d  by th e  much s h o r t e r  
s u lc u s  and i t s  g r e a t e r  s e p a r a t i o n  from th e  a p i c a l  d i s c .
I t  i s  v e r y  s i m i l a r  to  o t h e r  Upper J u r a s s i c  n u c l e o l i t i d s  
such  as  N .b r o d i e i  and N. p u l v i n a t u s , forms t h a t  a r e  a l s o  e lo n g a te  
w i th  a  s h o r t  s u l c u s .  I t  i s  d i s t i n g u i s h e d  from  N .b r o d ie i  ( a  P o r t l a n d ia n )  
s p e c i e s )  by i t s  more i n f l a t e d  t e s t , t u m i d  s i d e s  and n a rro w e r  s u lc u s  
and from  N .p u lv in a tu s  by i t s  more m a rg in a l  s u l c u s .
I n  some c h a r a c t e r s , s u c h  a s  th e  s e p a r a t i o n  o f  th e  p e r i p r o c t  
from  th e  a p i c a l  d i s c  and th e  c e n t r a l  p o s i t i o n  o f  th e  a p i c a l  sy s te m , 
N .m ic ra u lu s  has  some re s e m b la n c e  to  th e  B a th o n ia n  N .b u rg u n d ia e , 
b u t  i s  o t h e r w i s e  e a s i l y  d i s t i n g u i s h e d  from  i t ,
Range '
( ?  C a l l o v i a n ) ;  O x fo rd ia n  o f  F ra n c e  and S w i t z e r l a n d ,
D i s c u s s i o n
T h is  s p e c i e s , f i r s t  d e s c r i b e d  i n  d e t a i l  and w e l l  f i g u r e d  
by A g a s s iz  ( 1 8 3 9 ) ,was s u b s e q u e n t ly  c o n fu se d  w i th  a v a r i e t y  o f  
N , s c u t a t u s  d e s ig n a t e d  N .g o l d f u s s i  by D esm oulins  (1837)  who 
c o n s id e r e d  t h a t  G o ld fu ss*  f i g u r e  o f  N ,s c u t a t u s  (G o ld fu s s  1826) 
d id  n o t  r e p r e s e n t  t h e  t r u e  L am arck ian  s p e c i e s .  T h is  c o n fu s io n  
i s  e x e m p l i f ie d  by W righ t (1 8 5 7 :3 4 7 )  who s t a t e s  t h a t  he  has  found 
many s p e c i e s  o f  N . s c u t a t u s  w hich  a g r e e  w i th  t h e  f i g u r e  o f  G o ld fu s s ,  
b u t  th e n  ( W r ig h t ,1 8 5 7 :3 5 8 )  d e s c r i b e s  N .g o l d f u s s i  Desm oulins as  
a s e p a r a t e  s p e c i e s  i n  t h e  same w ork . The name N .g o l d f u s s i  Desm oulins 
i s  t h e r e f o r e  c o n s id e r e d  a j u n i o r  s u b j e c t i v e  synonym o f  N .s c u t a tu s  
Lam arck, M o re o v e r , th e  r e i n t e r p r e t a t i o n  o f  th e  name by D esor (1857) 
i s  i n v a l i d , N .m ic ra u lu s  A g a s s iz  b e in g  th e  s e n i o r  synonym.
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E t a l l o n  (1857 )  l i s t s  t h i s  s p e c i e s  from  th e  C a l lo v i a n  o f  
t h e  H a u t - J u r a ,
M a te r i a l
M easured specim ens used  i n  th e  b i o m e t r i c a l  a n a ly s e s *
C a s t  o f  ty p e  spec im en  o f  N .m ic r a u lu s , B .M .(N .H .) ,  an  A g a s s iz  mould. 
P e r s o n a l  c o l l e c t i o n  f r o m : -  
V i l l e r s - l e - T o u r n e u r , A rd e n n e s Î Lower O x fo rd ia n ,  50 sp e c im en s .  
A d d i t i o n a l  m a t e r i a l*
C o t te a u  c o l l e c t i o n .  U n i v e r s i t é  de  P a r i s - s u d , O rsa y ,
Lam bert c o l l e c t i o n .  U n i v e r s i t é  de  P a r i s  -  6 ,
P a la e o e c o lo g y
N .m ic ra u lu s  i s  found  a t  V i l l e r s - l e - T o u r n e u r  i n  a s s o c i a t i o n  
w i th  a  f a u n a  r i c h  i n  i n a s  w e l l  a s  s p e c i e s  w i t h i n  a s o f t ,  
brown l i m o n i t i c  o o l i t i c  l im e s t o n e .
The f a u n a  i s  d i v e r s e , b e l o n g i n g  t o  m ost m ajo r  m ar in e  • 
h a b i t a t s  ( s e e  f i g , 3 , 1 ) ,  N e k t ic  e le m en ts  a r e  dom ina ted  by am m onites, 
t h e  e p i f a u n a  by b y s s a t e  and cemented b i v a l v e s , s h a l l o w  in fa u n a  
by i r r e g u l a r  e c h in o id s  and deep  bu rrow ers  by s ip h o n a t e  s u s p e n s io n  
f e e d i n g  b i v a l v e s .
The f a u n a  seems t o  be w e l l  p r e s e r v e d ,a l t h o u g h  th e  e p i f a u n a ,  
a s  would be e x p e c te d  i n  a n  o o l i t i c  e n v i r o n m e n t , i s  o f t e n  b roken  
and f ra g m e n te d .  Some g ro u p s ,h o w ev er ,sh o w  u n u s u a l  p r e s e r v a t i o n .
F o r  e x a m p le , th e  s tem s o f  t h e  c r i n o i d s  a r e  o f t e n  w e l l  p r e s e r v e d ,  
o f  many j o in e d  o s s i c l e s  and r e c o g n i s a b l y  c i r r a t e , b u t  i n  some 
c a s e s  t h e  o s s i c l e s , a l t h o u g h  jo in e d  i n  a  lo n g  s t e m ,a r e  worn smooth 
so  t h a t  o n ly  t r a c e s  o f  t h e  c i r r i  a r e  p v id e n t .  I t  i s  n o te d  t h a t  th e  
c r i n o i d s  have  been s i l i c i f i e d .  S i m i l a r l y , t h e  s h a l lo w  i n f a u n a l  
t r i g o n i i d s  M y o p h o re l la  and V augonia  a r e  f ra g m en te d  b u t  f i n e  d e t a i l
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o f  t h e  s h e l l  i s  p r e s e r v e d ,a s  w i th  th e  e p i f a u n a l l y  cemented
p e c t i n i d  S p o n d y lu s . These t h r e e  g e n e ra  a r e  a l s o  s i l i c i f i e d .
Amongst th e  sh a l lo w  in f a u n a l  i r r e g u l a r  e c h in o id s  many
a r e  b ro k en  o r  d a m a g e d ,b u t ,u n l ik e  th e  s i l i c i f i e d  f o r m s ,a r e  p o o r ly
p r e s e r v e d .  The undamaged sp e c im en s ,h o w ev e r ,d o  show f i n e  d e t a i l  and
enough w e l l  p r e s e r v e d  N .m ic ra u lu s  have been c o l l e c t e d  to  j u s t i f y .
t h e i r  i n c l u s i o n  i n  m u l t i v a r i a t e  s t a t i s t i c a l  a n a l y s e s .  No specim en
o f  N .m ic r a u lu s , C o l l y r i t e s  b i c o r d a t a  o r  Hyboclypus s a n d e l in u s
i s  s i l i c i f i e d .  I n  c o n t r a s t  to  t h e s e  e c h in o id s  t h e  e p i f a u n a l ,
o r  p o s s i b l y  v e r y  s h a l lo w  i n f a u n a l , e c h i n o i d  H o lec ty p u s  d e p re s s u s
i s  b ro k en  and damaged b u t  s t i l l  r e t a i n s  f i n e  d e t a i l  o f  t h e  t e s t .
T h is  i s  a l s o  t h e  c a s e  w i th  N u c l e o l i t e s  l a t i p o r u s ,b o th  specim ens
a g a in  b e in g  s i l i c i f i e d ,
S i l i c i f i e d  spec im ens  a r e , t h e r e f o r e , u s u a l l y  f r a g m e n ta ry ,
showing s ig n s  o f  t r a n s p o r t a t i o n , b u t  r e t a i n i n g  f i n e  p r e s e r v a t i o n
o f  o rn am e n t .  Specimens p r e s e r v e d  a s  c a lc a r e o u s  i n t e r n a l  moulds
o r  c a s t s , h o w e v e r , a r e  e i t h e r  undamaged w i th  f i n e  p r e s e r v a t i o n
o r  damaged and p o o r ly  p r e s e r v e d .
S i l i c i f i c a t i o n  does  n o t  a p p e a r  t o  c o r r e l a t e  w i th
r e c r y s t a l l i s a t i o n  o f  o r i g i n a l l y  a r a g o n i t i c  form s and th e  • *
n o n - r e c r y s t a l l i s a t i o n  o f  c a l c i t i c  g e n e ra .  For e x a m p le , th e  a r a g o n i t i c
ammonites a r e  p r e s e r v e d  a s  c a lc a r e o u s  moulds w h i l s t  t h e  n e r i n i d
g a s t r o p o d s  a r e  s i l i c i f i e d .  I n  c o n t r a s t , t h e  c a l c i t i c  b rach iopod
P o s t e p i t h y r i s  and some e c h i n o i d s , e , g .  H o ie c ty p u s , have  been s i l i c i f i e d
w h i l s t  o t h e r  e c h in o id s  such  a s  N u c l e o l i t e s  m ic r a u lu s  and 
%
C o l l y r i t e s  b i c o r d a t a  a r e  s t i l l  c a l c a r e o u s .
S i l i f i c a t i o n , i n s t e a d , s e e m s  to  be c o n f in e d  l a r g e l y  to  th e  
e p i f a u n a l  e le m en ts  i r r e s p e c t i v e  o f  o r i g i n a l  s h e l l  m in e ra lo g y .
I n  f a c t  a l l  t h e  r e c o g n i s a b l e  e p i f a u n a  i s  s i l i c i f i e d  a lo n g  w i th  th e
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v e r y  s h a l lo w  i n f a u n a l  t r i g o n i i d s  and th e  p o s s i b l y  i n f a u n a l  
N u c l e o l i t e s  l a t i p o r u s . No o t h e r  i n f a u n a l  g e n e ra  a r e  s i l i c i f i e d ,  
n o r  a r e  th e  n e k t i c  am m onites.
Now,as n o ted  a b o v e , th e  s i l i c i f i e d  specim ens a l s o  show 
s ig n s  o f  w e a r , p ro b a b ly  due t o  t r a n s p o r t a t i o n .  The r e t e n t i o n  o f  
f i n e  o rn a m e n t ,h o w e v e r ,s u g g e s t  t h a t  s i l i f i c a t i o n  o f  t h e  s h e l l s  
to o k  p l a c e  p r i o r  t o  t r a n s p o r t a t i o n  and r e d e p o s i t i o n .  Amongst th e  
c a l c i t i c  i n f a u n a  th e  poor p r e s e r v a t i o n  o f  damaged specim ens 
may mean t h a t  f r a g m e n t a t i o n  took  p l a c e  soon a f t e r  d e a th .  However, 
i t  i s  u n l i k e l y  t h a t  t h e s e  specim ens  have  been t r a n s p o r t e d  v e ry  
f a r , a s , f o r  example am ongst th e  e c h i n o i d s , t h e r e  i s  a l s o  good 
p r e s e r v a t i o n  w i t h i n  an  o th e r w i s e  t h i n  s h e l l e d  fa u n a  e . g ,  N .m ic ra u lu s  
and C. b i c o r d a t a . The rew o rk in g  and t r a n s p o r t a t i o n  o f  an  e p i f a u n a  
o r i g i n a l l y  b u r ie d  w i t h i n  a r a p i d l y  s i l i c i ^ n g  env ironm en t would 
a c c o u n t  f o r  t h e  p r e s e n c e  o f  so  many a t t a c h e d  fo rm s .  A t ta c h e d  
b ra c h io p o d s  ( P o s t e p i t h y r i s ) , b y s s a t e  f i s s u r e  d w e l l e r s  ( R a d u lo p e c te n ,
C t e n o s t r e o n ) , cem ented b i v a l v e s  ( S p o n d y lu s , Lopha) , a n d  cemented 
s t a l k e d  c r i n o i d s  would seem to  be more a t  home w i t h i n  a  r e e f  
e n v iro n m en t  th a n  an  u n s t a b l e  o o l i t i c  e n v iro n m en t .
I t  would t h e r e f o r e  a p p e a r  t h a t  o n ly  t h e  n o n - s i l i c i f i e d • 
f a u n a  o f  i r r e g u l a r  e c h in o id s  and deep  bu rrow ing  b iv a lv e s  i s  i n  
s i t u , a  more p l a u s i b l e  a sse m b la g e  f o r  an  o o l i t i c  en v iro n m en t .
The a m m o n ite s ,b e in g  n e k t i c ,w o u ld  have  d r i f t e d  i n t o  t h e  a r e a ,  
a r e  n o t  d e r iv e d  as  t h e  o t h e r  e p i f a u n a  and a r e  t h e r e f o r e  n o t  
s i l i c i f i e d .
I n  t h i n  s e c t i o n  th e  s e d im e n t  i s  i n  f a c t  s e e n  t o  be a 
s k e l e t a l  o n c o l i t i c  s p a r i t e .  The o n c o l i t e s  a r e  a l g a l  n o d u le s  
t h a t  have  i n c o r p o r a t e d  f ra g m e n ts  o f  s h e l l  and s e d im e n t , i n c l u d i n g  
s i d e r i t e , i n  t h e  n u c l e u s .  The s k e l e t a l  a l lo c h em s  a r e  m a in ly  e c h in o id
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s p i n e s , r e c r y s t a l l i s e d  b iv a lv e  f ra g m en ts  and o c c a s i o n a l  f o r a m in i f e r a  
and seems to  be r e p r e s e n t a t i v e  o n ly  o f  th e  o r i g i n a l  in f a u n a .
The r o c k  i s  cemented by s p a r i t e  which a l s o  f i l l s  th e  v o id s  
l e f t  by t h e  a r a g o n i t i c  b i v a l v e s .  T here  a r e  a l s o  p a tc h e s  o f  g e o p e ta l  
m i c r i t e , s e e n  e s p e c i a l l y  a round  th e  l a r g e r  b iv a l v e  f r a g m e n ts .  These 
l a r g e r  f ra g m e n ts  may a l s o  be c o a te d  b y tH n ic r i te ,
The o n c o l i t e s  a r e  w e l l  r o u n d e d ,v e r y  w e l l  s o r t e d  and c o a te d  
by l i m o n i t e .  T h is  s t a i n i n g  p r e d a t e s  c e m e n ta t io n  as  th e  s p a r i t e  
i s  c l e a r  and u n s t a i n e d  and may t h e r e f o r e  have  o c c u r r e d  p r i o r  
to  t r a n s p o r t a t i o n .  The n a t u r e  o f  th e  o n c o l i t e s  and th e  l a c k  o f  
m i c r i t e , e x c e p t  f o r  g e o p e ta l  i n f i l l i n g s , w o u l d  seem to  i n d i c a t e  
a  h ig h  e n e r g y ,u n s t a b l e  e n v ironm en t w i th  m ost o f  th e  m a t e r i a l  
b e in g  d e r i v e d .
T h is  s e d im e n t  may t h e r e f o r e  r e p r e s e n t  a r e e f  t a l u s  type  
o f  e n v iro n m en t  w i th  t h e  a l g a l  n o d u le s  and e p i f a u n a  b e in g  d e r iv e d  
from  th e  n e a rb y  r e e f ,
N u c l e o l i t e s  r o tu n d u s  (P e ro n  & G a u th ie r )
( P l a t e  5 , f i g J . a - d  )
1879 E c h in o b r i s s u s  r o tu n d u s  P eron  & G a u th ie r ;  C o t t e a u ,P e r o n  & G a u th ie r ,
v . l , p a r t  4 , p . 1 4 7 ,p l . 1 9 , f i g s , 9 -1 3 . 
1921 C l i to p y g u s  ro tu n d u s  ( p e r o n  & G a u t h i e r ) ;  Lam bert & t h i e r y , p . 347, 
1962 N u c l e o l i t e s  r o tu n d u s  (P e ro n  & G a u t h i e r ) ;  K i e r , p , 5 9 , p i . 7 , f i g , 7 ,
t e x t - f i g , 4 1 .
Type spec im en
L o c a t io n  unknow n;specim ens i n  th e  Lam bert c o l l e c t i o n  a r e  
n o t  l a b e l l e d  ty p e  s p e c im e n s , and no ty p e s  w ere  found i n  t h e  C o t te a u  
c o l l e c t i o n .
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Description
T e s t  s m a l l  to  medium s i z e d , o v a l  t o  s u b q u a d ra t e , rounded 
a n t e r i o r l y , t r u n c a t e d  p o s t e r i o r l y ;  i n f l a t e d  a b o r a l  s u r f a c e , s i d e s
tumid,i n d e n t a t i o n  o f  p o s t e r i o r  m arg in  by a n a l  s u l c u s ,b a s e  s l i g h t l y
/
co n cav e ;  p e t a l o i d , p e t a l s  e x p an d ed ,n a rro w in g  d i s t a l l y  b u t  rem a in in g  
o p e n ,p o r i f e r o u s  zones a lm o s t  a s  w ide as  i n t e r p o r i f e r o u s  z ones .
A p ic a l  sy s te m  v e ry  e c c e n t r i c  a n t e r i o r l y , t e t r a b a s à l ,
P e r i p r o c t  l a r g e , e l o n g a t e , a b o u t  h a l f  th e  d i s t a n c e  between 
th e  a p i c a l  d i s c  and th e  p o s t e r i o r  b o r d e r , a t  t h e  head o f  a r e l a t i v e l y  
s h a l lo w  g ro o v e ;  a r e a  betw een a p i c a l  d i s c  and p e r i p r o c t  u n d e p re s s e d .  
P e r is to m e  l a r g e ,p e n t a g o n a l  ; a l l  a m b u la c ra l  p l a t e s  o f  th e  
p h y l lo d e s  d o u b le  p o r e d , f l o s c e l l e  i n d i s t i n c t ;  t u b e r c l e s  s m a l l .
Distinguishing features
N ,ro tu n d u s  i s  one o f  t h e  few C re ta c e o u s  n u c l e o l i t i d s  to  
r e t a i n  t h e  tu m id ,s u b q u a d r a t e  m orphology o f  th e  more common 
J u r a s s i c  form s such  a s  N , s c u t a t u s . However i t  can  be d i s t i n g u i s h e d  
from  such  fo rm s by th e  g r e a t e r  s e p a r a t i o n  o f  th e  a p i c a l  d i s c  
and p e r i p r o c t , s h o r t e r  p e t a l s  and more a n t e r i o r  a p i c a l  d i s c .
Range . „
Cenomanian o f  N orth  A f r i c a ,
D i s c u s s i o n
T h is  s p e c i e s  i s  c o n s id e r e d  by K ie r  (1962)  to  be th e  
l a t e s t  o c c u r r i n g  N u c l e o l i t e s , a s  m ost o t h e r  post-C enom anian  s p e c i e s  
have  s i n g l e - p o r e d  p h y l lo d e s  and can  be r e f e r r e d  to  o t h e r  g e n e ra .
M a te r i a l
M easured specim ens  used  i n  t h e  b i o m e t r i c a l  a n a ly s e s *
Lam bert c o l l e c t i o n . U n i v e r s i t e  de P a r i s  -  6 ; Cenomanian, 3 spec im ens .  
Specimen CE 01 i s  f i g u r e d  by K ie r  ( 1 9 6 2 ) , p i , 7 , f i g , 7 ,
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Palaeoecology
A c c o rd in g  to  C o t te a u  e t  a l  (1878) N ,ro tu n d u s  o c c u rs  a t  
Bou Saada i n  a  m a s s i v e , y e l l o w , f o s s i l i f e r o u s  c a lc a r e o u s  m arl  i n  
a s s o c i a t i o n  w i th  a w ide  v a r i e t y  o f  r e g u l a r  and i r r e g u l a r  e c h in o i d s ,  
a m m o n i te s ,b iv a lv e s  and g a s t r o p o d s .  These a u th o r s  d e f i n e  a zone 
o f  th e  Cenomanian a round  Bou Saada c h a r a c t e r i s e d  by th e  p re se n c e  
o f  N .ro tu n d u s  ( C o t t e a u  e t  a l , 1 8 7 8 :6 2 ) ,
C o t t e a u  e^  ^  d e s c r i b e  t h e  f o l lo w in g  e c h in o id s  from t h i s  
z one :  t h e  c a s s i d u l o i d s  N u c l e o l i t e s , N uc leopygus , A r c h ia c ia  and 
P h y l l o b r i s s u s ; t h e  s p a ta n g o id  H e m ia s te r ; th e  h o l e c ty p o id  H o le c ty p u s ; 
t h e  h e m ic id a r o id s  Pseudodiadem a and H e te ro d ia d e m a ; th e  a r b a c io i d  
G on io p y g u s ; and th e  o r th o p s i d  O r t h o p s i s , ( Pseudodiadem a,how ever ,  
does  n o t  o c c u r  i n  s t r a t a  younger  th a n  th e  A p t ia n  a c c o r d in g  to  
F e l l  & P a w s o n , ( l9 6 6 ) ) .  N u c l e o l i t e s  ro tu n d u s  a l s o  o c c u rs  w i th  a 
v a r i e t y  o f  m o l lu s c s  i n c l u d i n g  th e  ammonites T u r r i l i t e s  and Hamites 
and th e  e p i f a u n a l  b iv a l v e s  Lima, P e c te n  and O s t r e a , C o t t e a u  e t  a l . a l s o  
n o t e  t h e  p r e s e n c e  o f  many p o o r ly  p r e s e r v e d  b iv a lv e s  and g a s t r o p o d s .  
T hese  a r e  p resu m a b ly  a r a g o n i t i c  form s p re s e rv e d  as  i n t e r n a l  m oulds.
N u c l e o l i t e s  s u b q u a d ra tu s  A g a s s iz ,  1839,
( P l a t e  4 , f i g , 2 a - d )
1839 N u c le o l i  t e s  s u b q u a d ra tu s  A g a s s i z , p . 4 1 , p i , 7 ,  f i g s , 1 - 3 ,
1840 '* ** A g a s s iz ;  A g a s s iz ,  p ,4 ,
1847 ** *• A g a s s iz ;  A g a s s iz  & D e so r ,  p . 96,
1848 ** ** A g a s s iz ;  Marcou, p . 147 ,
1850 •* *• A g a s s iz ;  d 'O r b ig n y ,  v , 2 ,  p ,8 8 ,
1854 E c h in o b r i s s u s  s u b q u a d ra tu s  ( A g a s s i z ) ;  d 'O r b ig n y ,  p ,2 4 ,
1857 C lypeopygus s u b q u a d ra tu s  ( A g a s s i z ) ;  d 'O r b ig n y ,  p ,4 2 3 ,p i , 965,
f i g s , 7 -9 ,
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1857 E c h in o b r i s s u s  su b q u a d ra tu s  ( A g a s s i z ) ;  D e so r ,  p . 268,
1862 C lypeopygus su b q u a d ra tu s  ( A g a s s i z ) ;  Duj a r d i n  & Hupe, p ,5 7 9 ,
1863 E c h in o b r i s s u s  su b q u a d ra tu s  ( A g a s s i z ) ;  L o r i o l ,  p , 1 6 4 ,p i , 1 9 , f i g , 11,
1865 ** ” ( A g a s s i z ) ;  Duncan, p , 355-356,
/
1869 ** ** ( A g a s s i z ) ;  L o r i o l ,  p . 4 3 ,p i , 6 , f i g , 1 ,
1921 C lypeopygus s u b q u a d ra tu s  ( A g a s s i z ) ;  Lam bert & T h ie ry ,  p ,3 4 8 ,
1962 N u c le o l i  t e s  s u b q u a d ra tu s  A g a s s iz ;  K i e r ,  p , 5 7 , p i , 6 , f i g , 9 ,
t e x t - f i g , 4 8 .
Type spec im en
Belongs to  t h e  Renaud-Comte c o l l e c t i o n ,w h i c h  i s  housed a t  
Besançon (L am bert  & J e a n n e t ,1 9 2 8 ) ,
D e s c r i p t i o n
T e s t  s m a l l ,o b lo n g ,n a r r o w  a n t e r i o r l y , p r o d u c e d  p o s t e r i o r l y ,  
c o n i c a l  tow ards  t h e  a p i c a l  d i s c  b u t  t e s t  s lo p e s  g e n t l y  to i  p o s t e r i o r  
b o r d e r , s i d e s  t a p e r e d , b a s e  co n c av e ;  p e t a l s  expanded s l i g h t l y  and 
n a r ro w in g  d i s t a l l y ;  p o r i f e r o u s  zones n a rro w ,a m b u la c ra  s t r a i g h t .
A p ic a l  sy s te m  c l o s e  t o  a n t e r i o r  b o r d e r , t e t r a b a s a l ,
P e r i p r o c t  o v a l , t w o - t h i r d s  o f  t h e  d i s t a n c e  betw een th e  
a p i c a l  d i s c  and p o s t e r i o r  b o r d e r , a t  head o f  deep  s u lc u s  t h a t  h a r d l y  
i n d e n t a t e s ■th e  m a rg in .
P e r i s to m e  p e n t a g o n a l , l a r g e  w i th  f a i n t  b o u r r e l e t s  and 
f l o s c e l l e , a n t e r i o r , i n t e r a m b u l a c r a l  a r e a s  p ro m in e n t .  Some specim ens 
have  a d i s t i n c l y  o b l iq u e  p e r i s to m e  w h i l s t  i n  o t h e r s  i t  a p p e a rs  
n o rm a l ,
D i s t i n g u i s h i n g  f e a t u r e s
N .s u b q u a d ra tu s  i s  d i s t i n g u i s h e d  from  th e  J u r a s s i c  n u c l e o l i t i d s  
by i t s  p roduced  p o s t e r i o r  b o rd e r  and th e  a n t e r i o r  e c c e n t r i c ! t y y  
o f  t h e  a p i c a l  sy s te m . I t  i s  s i m i l a r  t o  Nyrotundus b u t  t h i s  s p e c i e s  
h as  tumid s i d e s  and a  more b i lo b e d  p o s t e r i o r  m arg in .
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Range
Neocomian o f  t h e  F rench  and Swiss J u r a ,A l b i a n  o f  A ra b ia ,  
D i s c u s s i o n
A n o th e r  s p e c i e s  w e l l  d e s c r ib e d  and f i g u r e d  by A g a ss iz  
(1 8 3 9 )  b u t  t r a n s f e r r e d  from N u c l e o l i t e s  to  E c h in o b r i s s u s  by 
d 'O r b ig n y  ( 1 8 5 4 ) .  D 'O rb igny  (1857) f u r t h e r  removed th e  s p e c i e s  
to  h i s  new genus Clypeopygus .L o r io l  (1863)  however c o n s id e r e d  
d 'O rb ig n y * s  sp ec im en  to  be a f l a t t e n e d  fo rm , K ie r  (1962)  a g re e s  
t h a t  t h e  t e s t  i s  to o  i n f l a t e d  and th e  p e t a l s  to o  narrow f o r  
C lypeopygus and r e s t o r e s  i t  to  i t s  o r i g i n a l  g e n u s ,N u c l e o l i t e s ,
M a te r i a l
M easured spec im ens  used  i n  t h e  b i o m e t r i c a l  a n a ly se s*
C a s t  o f  t h e  ty p e  spec im en  o f  N ,s u b q u a d r a tu s , B ,M ,(N ,H ,) ,  an  
A g a s s iz  m ould .
P e r s o n a l  c o l l e c t i o n  f ro r a : -  
D evecey ,D oubs ; Neocomian, 20 s p e c im en s .
A d d i t i o n a l  m a t e r i a l*
C o t te a u  c o l l e c t i o n .  U n i v e r s i t é  de P a r i s - s u d , O rsa y ,
Lam bert c o l l e c t i o n .  U n i v e r s i t é  de P a r i s  - 6 ,
P a la e o e c o lo g y
N ,s u b q u a d ra tu s  o c c u rs  a t  Devecey i n  a s s o c i a t i o n  w i th  a n o th e r  
c a s s i d u l o i d j  P h y l l o b r i s s u s , H o l a s t e r  and th e  s m a l l  h e m ic id a ro id  
T r o c h o t i a r a  i n  a  c o a r s e  b i o c l a s t i c  l im e s t o n e .  The r e s t  o f  t h e  
m acro fauna  i s  l i m i t e d  t o  b r a c h i o p o d s ,b iv a lv e s  and s e r p u l i d  worm 
t u b e s ,
The s m a l l  t e r e b r a t u l i d  M uscu lina  i s  t h e  m ost common 
r e p r e s e n t a t i v e  o f  t h e  e p i f a u n a .  A lso  p r e s e n t  i s  t h e  r ib b e d  t e r e b r a t u l i d  
Gemmarcula, a  s t r o n g l y  r ib b e d  Inoceram us and sm a l l  f r a g m e n te d  
p e c t i n i d s .  The many worm tu b e s  a r e  found  e i t h e r  c o i l e d  o r  i n
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a g g r e g a te s  o f  p a r a l l e l  t u b e s .  These may be r e f e r a b l e  to  G lom erula  
g o r d i a l i s  and S a r c i n e l l a  p lex u s  r e s p e c t i v e l y .  I n t e r n a l  moulds o f  th e  
l a r g e , e l o n g a t e  deep  burrow ing  b iv a lv e s  Phalodomya and PIeuromya
a r e  a l s o  p r e s e n t  i n  a s s o c i a t i o n  w i th  s m a l l e r  more o v a te  moulds
/
o f  s h a l lo w  b u r ro w e r s .
I n  t h i n  s e c t i o n  th e  se d im e n t  can  be c l a s s e d  as  an  
a l g a l - e c h i n o i d  b i o m i c r i t e .
Many v e r y  w e l l  p r e s e rv e d  a l g a l  o n c o l i t e s  a r e  p r e s e n t  
e n c lo s i n g  p a tc h e s  o f  se d im e n t  o r  a r e  sometim es them se lves  bound 
i n t o  e lo n g a t e  p e l o i d a l  s p h e r e s .  P a tc h e s  o f  p a r t l y  r e c r y s t a l l i s e d  
c o r a l l i n e  a l g a e  a r e  a l s o  p r e s e n t .  The e c h in o id  d e b r i s  i s  e i t h e r  
p r e s e r v e d  as  t a b u l a r  f r a g m e n ts ,w h ic h  may be bored  and i n f i l l e d  
w i th  m i c r i t e , o r  a s  s p i n e s .  The v e r y  r i c h  f a u n a  in c lu d e s  g a s t r o p o d s ,  
b i v a l v e s , b r y o z o a , r h y n c h o n e l l i d  and t e r e b r a t u l i d  b rac h io p o d s  and 
s m a l l  c o n i c a l  f o r a m i n i f e r a .  The b ryozoa  a r e  o f t e n  found  i n  c lo s e  
a s s o c i a t i o n  w i th  ( e n c r u s t i n g ? )  o t h e r  s k e l e t a l  f r a g m e n ts .  The 
m o llu s c a n  f ra g m e n ts  a r e  c o a te d  i n  m i c r i t e  and have  undergone 
c o a r s e  r e c r y s t a l l i s a t i o n  o f  t h e  s h e l l y  m a t e r i a l .
T h e re  a r e  a l s o  l a r g e  g r a i n s  composed o f  s m a l l  sed im en t  
p a r t i c l e s  bound by a t h i c k  l a y e r  o f  l i g h t  c o lo u re d  m i c r i t e .  These 
may r e p r e s e n t  a lg a l - b o u n d  s e d i m e n t , l a r g e  f a e c a l  p e l l e t s  o r  t r u e  
i n t r a c l a s t s .
T here  seems t o  be no p r e f e r r e d  o r i e n t a t i o n  to  t h e  lo n g  
t a b u l a r  b i v a l v e ,b r a c h io p o d  and e c h in o id  f r a g m e n t s , t h e  sed im en t  
a s  a  w hole  b e in g  p o o r ly  s o r t e d .
The s e d im e n t  t h e r e f o r e  seems to  r e p r e s e n t  an  env ironm en t 
o f  m o d era te  e n e r g y ,a n  en v iro n m en t i n  which m i c r i t e  i s  r e t a i n e d  
i n  t h e  s e d im e n t  b u t  i n  w hich much o f  th e  f a u n a  i s  b roken  down 
i n t o  s m a l l  f r a g m e n t s .
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N u c l e o l i t e s  woodw ardil W r ig h t ,1854,
( P l a t e  2 , f i g , 2 a ~ d )
1854 N u c l e o l i t e s  v o o d w a rd ii  W righ t ,  p , 3 2 1 , p l , 1 2 , f i g . 5 a - e ,
1854 ** '* W righ t;  F o r b e s ,  p . 8 , a d , s p .
1857 E c h i n o b r i s s u s  w oodw ardii  ( W r ig h t ) ;  D e so r ,  p ,2 6 8 .
1859 •* " (W r ig h t ) ;  W righ t ,  p , 3 3 7 , p l . 2 4 , f o g , 2 ,
1921 ** ” (W r ig h t ) ;  Lam bert & T h ie r y ,  p ,3 4 4 .
1933 ” •• (W r ig h t ) ;  B e u r le n ,  p ,3 7 .
Type spec im en
W righ t has  n o t  s t a t e d  a ty p e  i n  h i s  o r i g i n a l  d e s c r i p t i o n ,  
b u t  r e f e r s  t o  one spec im en  (B ,M ,(N ,H ,)  E1590) from  S a l p e r t o n  
Tunnel ( D .L e w is ,p e r s o n a l  co m m u n ic a t io n ,1 9 7 7 ) ,
D e s c r i p t i o n
T e s t  s m a l l  to  medium s i z e d , t h i n , c i r c u l a r  t o  s u b - q u a d r a te ;  
a b o r a l  s u r f a c e  f l a t l y  c o n v e x , s id e s  t u m i d , p o s t e r i o r  m arg in  h a r d l y  
i n d e n te d  by a n a l  s u l c u s , a d o r a i  s u r f a c e  f l a t ;  am bu lacra  d e p re s s e d  
and i n t e r a m b u l a c r a l  a r e a s  p ro m in e n t .
A p ic a l  sy s te m  s m a l l , c e n t r a l , i n d i v i d u a l  p l a t e s  n o t  d i s t i n c t ;  
a m b u la c ra  p e t a l o i d , p o r i f e r o u s  zone n a r r o w ,o u te r  p o re  e lo n g a t e ,  "  
P e r i p r o c t  s u p r a m a r g i n a l , s m a l l , i n  narrow  s u lc u s  which ex te n d s  
from  a p i c a l  sy s te m  to  p o s t e r i o r  b o r d e r .
P e r i s to m e  e c c e n t r i c  a n t e r i o r l y , i n  s l i g h t  d e p r e s s i o n ,  
p e n t a g o n a l , s t a r - s h a p e d , s m a l l ;  b o u r r e l e t s  d i s t i n c t , p h y l l o d e s  na rrow .
D i s t i n g u i s h i n g  f e a t u r e s
T h is  s p e c i e s  i s  most l i k e  N.amplus b u t  i s  d i s t i n g u i h e d  
by th e  narrow  p e t a l s , n a r r o w e r  p o r i f e r o u s  zones and l e s s  crowded 
p h y l lo d e s .  I t  may be c o n s p e c i f i c  w i th  N,amplus a s  t h e r e  i s  l i t t l e
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o v e r a l l  m o rp h o lo g ic a l  d i f f e r e n c e  betw een them.
I t  i s  d i s t i n g u i s h e d  from N , o r b i c u l a r i s  on th e  same grounds 
t h a t  N .am plus i s  d i s t i n g u i s h e d  from t h a t  gen u s .  I t  i s  d i s t i n g u i s h e d
from  N . s c u t a t u s  and o t h e r  ip p e r  J u r a s s i c  forms by th e  n a rro w e r
/ '
a n a l  s u lc u s  w hich  a lw ays e x te n d s  to  th e  a p i c a l  s y s te m ,an d  from 
N . l a t i p o r u s  by i t s  f l a t t e r , n o n -b i lo b e d  a p p e a ra n c e .
Range,
Upper B a jo c ia n  ( p a r k in s o n i  zone)  to  u p p e r  B athon ian  
( a s p id o i d e s  zone)  o f  England and n o r th e r n  F ra n c e ,
D i s c u s s i o n
This  s p e c i e s , f i r s t  d e s c r i b e d  by W right ( 1 8 5 2 ) ,was p lac e d  
i n  t h e  genus N u c l e o l i t e s  b e c a u se  o f  i t s  s m a l l  s i z e  and a p p a re n t  
l a c k  o f  a  w e l l  d e f i n e d  f l o s c e l l e .  The s p e c i e s  was t r a n s f e r r e d  to  
E c h in o b r i s s u s  by D esor  (1857 )  f o l l o w in g  d ’O rb igny  (1 8 5 4 ) ,  The 
spec im en  o f  N ,b u r g u n d ia e , f i g u r e d  by C o t t r e a u  (1908 )  from  th e  
B a th o n ia n  o f  «has t h e  g e n e r a l  form  o f  N,woodwardii
a l t h o u g h  i t  i s  a  s m a l l  and damaged sp ec im en .  Specimen L 6 ,from  
t h e  m id d le  B a th o n ia n  o f  F o s s e  C ross  Q u a r ry ,h a s  g e n i t a l  5 i n t a c t  
and t h e  p e r i p r o c t  s u r ro u n d e d  by o c u la r s  V and I  i n  a  s i m i l a r  
manner to  t h e  N ,e lo n g a tu s  d e s c r i b e d  by Jesionek -S zym anska  (1 9 6 8 :5 5 )  
( J , 0 1 v e r , p e r s , comm,) ,
M a te r i a l
M easured spec im ens  used  i n  t h e  b i o m e t r i c a l  a n a ly s e s :  
Lam bert  c o l l e c t i o n , U n i v e r s i t é  de  P a r i s  -  6; 7 specim ens i d e n t i f i e d  
as  N .w oodw ardii  from  M a rq u ise ,P as  de  C a l a i s , B a th o n ia n ,
A d d i t i o n a l  m a t e r i a l :
F o s s e  C r o s s , G l o u c e s t e r s h i r e ;  m o r r i s i  z o n e ,  21 sp e c im en s ,
Wiggold C u t t i n g ,  G lo u c s :  p ro b a b ly  m o r r i s i  zo n e ,  1 spec im en .
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S la p e  H i l l , O x f o r d s h i r e ;  s u b c o n t r a c tu s  zone , 13 sp e c im en s ,
A r d l e y , O x f o r d s h i r e ;  s u b c o n t r a c t u s  z o n e ,  1 8  s p e c i m e n s ,
A ston  B lah% ,G loucs;  p a r k in s o n i  zone, 1 specim en ,
■
P a l a e o e c o l o g y
N ,w oodw ardii  has  been found i n  a s e r i e s  o f  f i n e  g ra in e d  
s e d i m e n t s , f r e q u e n t l y  o c c u r r in g  w i th  c l y p e i i d s  and m o l lu s c s .
At A s to n  Blank a s i n g l e  specim en  was found w i t h i n  th e  w e l l  
known C lypeus G r i t .  T h is  y e l lo w  m ar ly  c o a r s e  o o l i t i c  l im e s to n e  
c o n ta i n s  much b i o c l a s t i c d e b r i s  and i s  named from  th e  many l a r g e  
C lypeus p l o t i i  w hich  d o m in a te  th e  f a u n a .  Other e c h in o id s  p r e s e n t  
i n c l u d e  N . l a t i p o r u s  and H o lec ty p u s  d e p r e s s u s . I n  t h i n  s e c t i o n  th e  
r o c k  i s  a  v e r y  p o o r ly  s o r t e d  o o s p a r i t e  w i th  a  v e ry  f i n e  s p a r r y  
cem en t,  O s t ra c o d s  and g a s t r o p o d s  a r e  r e c o g n i s a b l e  a s  a r e  th e  
t a b u l a r  b i v a l v e  f ra g m e n t  w hich o f t e n  form  th e  c e n t r e s  o f  th e  
o o l i t h s .  T here  a r e  a l s o  p a tc h e s  o f  c o r a l l i n e  a lg a e ,b r a c h io p o d s  
and some e c h in o id  s p in e s  a l th o u g h  t h e r e  i s  a  n o t i c a b l e  r a r i t y  o f  
l a r g e r  ech inoderm  f r a g m e n t s .  The se d im e n t  i s  on th e  w hole  p o o r ly  
s o r t e d .  The p e r s i s t e n c e  o f  unwashed m i c r i t e  i n  t h e  se d im e n t  seems 
to  i n d i c a t e  a n  en v iro n m en t  o f  m odera te  ene rgy  c o n d i t i o n s ,
N ,w oodw ardii  h as  a l s o  been found  i n  M iddle  B a thon ian  
s t r a t a  a t  t h r e e  l o c a l i t i e s .  A t  F o sse  C ross  q u a r r y  i t  i s  found i n  
a s s o c i a t i o n  w i t h  a  v e r y  s m a l l  d i s c - l i k e  C lypeus and th e  sm a l l  
s o l i t a r y  c o r a l  D is c o c y a th u s  i n  a  y e l lo w  r u b b ly  l im e s to n e ,  T e r e b r a tu l id s  
a r e  c o n c e n t r a t e d  i n  l e n s e s  th ro u g h o u t  th e  ro c k ,w h ic h  a l s o  c o n ta in s  
r h y n c h o n e l l i d s , g a s t r o p o d s  and some bu rrow ing  b iv a lv e s  ( e , g , L u c in a ) ,
Most o f  t h e  f o s s i l s  a r e  w e l l  p r e s e r v e d  and o n ly  r a r e l y  worn.
The s e d im e n t ,h o w e v e r ,a p p e a r s  a lm o s t  c o n g lo m e ra t ic  i n  n a tu r e  be ing  
composed o f  a  y e l lo w  p e l o i d a l  l im e s to n e  c o n ta i n in g  l a r g e  f ra g m en ts  
o f  w h i t i s h  p o rc e la n e o u s  l im e s to n e .
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I n  t h i n  s e c t i o n  th e  r o c k  i s  v e ry  p o o r ly  s o r t e d , p o o r l y  
washed p e l s p a r i t e .  L arge  p a tc h e s  o f  m i c r i t e  and some i n t r a c l a s t i c  
f ra g m e n ts  a r e  p r e s e n t .  The fauna  in c lu d e s  e c h i n o i d , c r i n o i d  b i v a l v e ,  
f o r a m i n i f e r a l  and c o r a l  d e b r i s .  The l a r g e r  f ra g m e n ts  o f  p o rce lan e o u s  
l im e s to n e  a r e  o f  v e ry  f i n e  p e l s p a r i t e s  w hereas  th e  y e llo w  p e l o i d a l  
l im e s to n e  i s  composed o f  c o a r s e r  p e lo id s  w i t h i n  a l im o n i t e  s t a i n e d  
m a t r ix .  The two l im e s to n e s  a p p e a r  to  g rad e  i n t o  each  o t h e r  i n  
t h i n  s e c t i o n  w i t h  no s h a r p  d i v i s i o n s .
A t S la p e  H i l l  N .w oodwardii i s  found i n  a s s o c i a t i o n  w i th  
s m a l l  f ra g m e n te d  specim ens  o f  C lypeus and th e  h ig h  s p i r e d  g a s t ro p o d  
N e r in e a  e u d e s i i  i n  a medium g r a in e d  b i o c l a s t i c  l im e s t o n e .  I n  t h i n  
s e c t i o n  th e  r o c k  i s  a  p o o r ly  washed p e l s p a r i t e  w i th  l a r g e  t a b u l a r  
f ra g m e n ts  o f  e c h in o id s  and p u n c ta t e  b r a c h i o p o d s , c r i n o i d s , o s t r a c o d s ,  
p a tc h e s  o f  a l g a e  and s m a l l  e c h in o id  s p i n e s .  T here  i s  no s p e c i f i c  
o r i e n t a t i o n  t o  t h e  l a r g e r  t a b u l a r  f r a g m e n ts .
A t A rd le y  i t  i s  a g a in  found i n  a s s o c i a t i o n  w i th  f ra g m en ts  
o f  C lypeus  i n  a  f i n e , w h i t e  b i o c l a s t i c  l im e s to n e ,  N .woodwardii 
o c c u rs  i n  a  bed capped  by a h a rd g ro u n d  t h a t  Palm er (1973) s u g g e s t s  
was form ed s u b a q u e o u s ly .  I t  o c c u rs  w i th  a  d i v e r s e  f au n a  o f  sh a l lo w  
b u rrow ing  b i v a l v e s  ( e . g ,  L u c in a ) , p e c t i n i d s , g a s t r o p o d s , t e r e b r a t u l i d s  
( e , g ,  E p i t h y r i s ) , r h y n c h o n e l l i d s  and r e g u l a r  e c h in o id  s p i n e s .  I n  
s e c t i o n  th e  s e d im e n t  i s  v e r y  f i n e  p e l m i c r i t e  w i th  d i s t i n c t  p a tc h e s  
o f  c o r a l l i n e  a l g a e .
These  M idd le  B a th o n ia n  p e l o i d a l  l im e s to n e s  a l l  seem to  
r e p r e s e n t  e n v iro n m en ts  o f  m o d era te  en e rg y  c o n d i t i o n s  i n  which 
th e  muddy f r a c t i o n  i s  r a r e l y  washed c o m p le te ly  from th e  s e d im e n t .
The c l o s e  a s s o c i a t i o n  o f  N ,w oodwardii w i th  C lypeus i s  a l s o  n o te d .
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3 D )  The genus AFATQPYGUS
F a m ily  A pa topyg idae  K ie r ,  1962
Remarks
K ie r  (1 9 6 2 )  removed th e  genus Apatopygus H aw kins,1920 
from  th e  N u c l e o l i t i d a e  to  a s e p a r a t e  m onogeneric  f a m i l y , t h e  
A p a to p y g id a e ,o n  th e  g rounds t h a t  th e  p re s e n c e  o f  s i n g l e  pored 
p l a t e s  and p y r i n i d  p l a t i n g  i n  th e  am bu lacra  beyond th e  p e t a l s  
and a m onobasal  a p i c a l  sy s tem  i n  th e  a d u l t s  a r e  d i f f e r e n c e s  o f  
to o  g r e a t  a  s i g n i f i c a n c e  to  i n c lu d e  N u c l e o l i t e s  and Apatopygus 
i n  t h e  same f a m i l y ,  How ever^N ortensen  (1948)  a t t a c h e s  no s p e c i a l  
im p o r ta n c e  t o  t h e  p y r i n i d  s t r u c t u r e , d i s m i s s i n g  i t  a s  " s im p ly  
an  a r ra n g e m e n t  o f  t r i a d s  a f t e r  th e  e c h in o id  s t r u c t u r e " , a n d  i t  
h a s  s i n c e  been  shown ( K i e r , 1974) t h a t  t h e  a p i c a l  sys tem  i s  o n ly  
s u p e r f i c i a l l y  m onobasal i n  th e  a d u l t .
The p r i n c i p a l  c h a r a c t e r  o f  im p o r ta n c e  i n  d i s t i n g u i s h i n g  
th e  two ty p e  g e n e ra  i s , t h e r e f o r e , t h e  p r e s e n c e  o f  s i n g l e  pored 
p h y l lo d e s  i n  A p a to p y g u s , H ow ever ,K ier  (1962 )  i n c lu d e s  w i t h in  
t h e  f a m i ly  N u c l e o l i t i d a e  t h e  S e non ian  O o lopygus ,a  genus a l s o  
p o s s e s s i n g  s i n g l e  pored  p h y l lo d e s .
T h is  taxonom ic  p rob lem  w i l l  p e rh ap s  o n ly  be r e s o lv e d  
when p h y l o g e n e t i c  r e l a t i o n s h i p s  have  been  e s t a b l i s h e d  amongst 
r a r e  T e r t i a r y  form s t h a t  w i l l  u l t i m a t e l y  l i n k  Apatopygus t o  
i t s  c l o s e s t  C re ta c e o u s  a n c e s t o r .
Genus Apatopygus H aw kins ,1920,
Synonymy
1920 Apatopygus H aw kins, p ,3 9 6 ;
1922 "  ; L am b er t ,  p ,3 1 .
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1924 Apatopygus
1925
1925 ■ "
1929
1946
1948
1962
1966
Lam bert & T b ie ry ,  p . 396, 
Lam bert & T h ie r y ,  p ,5 8 5 ,  
C la r k ,  p ,1 7 9 ,
B r ig h to n ,  p ,3 1 3 ,
C la rk ,  p . 355,
M ortensen , p . 179 ,
K ie r ,  p ,2 2 3 ,
K i e r ,  p ,5 2 2 .
Type s p e c i e s
A patopygus r e c e n s  (M ilne  E d w ard s ) ,1836 by monotypy and 
o r i g i n a l  d e s i g n a t i o n  o f  th e  a u th o r  (H aw kins, 1 9 2 0 :3 9 5 ) ,
D e s c r i p t i o n
Sm all to  medium s i z e d  t e s t , d e p r e s s e d , o v o i d , e l o n g a t e ,  
g r e a t e s t  w id th  p o s t e r i o r  to  c e n t r e ;  o r a l  s u r f a c e  co n cav e ,su n k e n  
tow ards  t h e  p e r i s to m e ;  am b u lac ra  p e t a l o i d , p e t a l s  n a r ro w ,o p e n ,  
e x te n d in g  a b o u t  h a l f  t h e  d i s t a n c e  from  th e  a p i c a l  sy s tem  to  th e  
a m b i tu s ;  i n n e r  p o re  r o u n d e d , s m a l l , o u t e r  p o re  o n ly  s l i g h t l y  • 
e lo n g a t e ;  a m b u la c ra l  p l a t e s  s i n g l e  po red 'b ey o n d ,  th e  p e t a l s
A p ic a l  sy s tem  e c c e n t r i c  a n t e r i o r l y , s u p e r f i c i a l l y  monobasal 
i n  t h e  a d u l t s , t e t r a b a s a l  i n  t h e  j u v e n i l e s ,
P e r i p r o c t  s u p r a m a r g i n a l , l o n g i t u d i n a l , s i t u a t e d  midway 
betw een  a p i c a l  d i s c  and p o s t e r i o r  m a r g i n , l a r g e , i n  a deep  s u lc u s  
e x te n d in g  to  t h e  p o s t e r i o r  b o r d e r .
P e r i s to m e  a n t e r i o r , o f t e n  s l i g h t l y  t r a n s v e r s e l y  o b l iq u e ;  
b o u r r e l e t s  m o d e r a te ly  d e v e lo p e d ,p h y l lo d e s  narrow  w i th  two rows o f  
p o res  i n  each  h a l f  ambulacrum ; no d i s t i n c t l y  l a r g e r  b u c c a l  p o re s ;  
p y r in i d  p l a t i n g  i n  am bu lac ra  beyond p e t a l s .
T u b e r c le s  p e r f o r a t e , c r e n u l a t e , s p i n e s  s h o r t .
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Distinguishing features
A patopygus i s  m ost s i m i l a r  i n  a p p e a ra n c e  to  Nucleopygus 
b u t  i s  g e n e r a l l y  l a r g e r ,m o r e  o v a l  and has  more c o n sp ic u o u s  p e t a l s .
I t  i s  d i s t i n g u i s h e d  i n  d e t a i l  by th e  l a c k  o f  b u c c a l  p o r e s , t e t r a & a s a l  
a p i c a l  sy s te m  i n  t h e  young and p y r in id  p l a t i n g  i n  th e  am bulacra  
beyond th e  p e t a l s .  None o f  t h e s e  d i f f e r e n c e s ,h o w e v e r , a r e  good 
d i a g n o s t i c  c h a r a c t e r s ,
Apatopygus d i f f e r s  from  N u c l e o l i t e s  i n  h a v in g  s i n g l e  pored 
a m b u la c ra l  p l a t e s  beyond th e  p e t a l s  and a m onobasal a p i c a l  system  
i n  t h e  a d u l t .
Range
Eocene t o  R e c e n t  o f  th e  M e d i te r r a n e a n  and New Z e a la n d ,
D i s c u s s i o n
The r e c e n t  A .r e c e n s  o f  New Z ea land  i s  r e p r e s e n t e d  by a 
f o s s i l  fo rm  o f  supposed  P l io c e n e  age  from  th e  Chatham I s l a n d s  
( B r i g h t o n , 1929 ; K ie r  1 9 6 2 ,1 9 6 6 )  now d a te d  a s  Eocene (R o se ,p e rs .co m m ,1977 ) ,  
A new s p e c i e s  h a s  r e c e n t l y  been  found ( R o s e ,1975) from  th e  Miocene '<
o f  t h e  M e d i t e r r a n e a n ,
D e s c r i p t i o n  o f  t h e  ty p e  s p e c i e s
• A patopygus r e c e n s  (M ilne  Edwards)
( P l a t e  5 , f i g , 2 a - d )
1836 N u c l e o l i t e s  r e c e n s  M ilne  E dw ards, p i , 1 4 , f i g , 3 ,
1847 *• •• M ilne  Edwards; A g a s s iz  & D e so r ,  p ,1 5 3 ,
1854 E c h in o b r i s s u s  r e c e n s  (M iln e  E dw ards);  d 'O r b ig n y ,  p ,2 4 ,
1857 N u c l e o l i t e s  r e c e n s  (M iln e  E dw ards);  D e s o r ,  p ,2 5 7 ,
1859 "  •• M ilne  Edwards; W rig h t ,  p . 3 3 0 ,p i . 4 1 , f i g . 1 ,
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1862 E c h in o b r i s s u s  r e c e n s  (M ilne  Edw ards);  D u ja rd in  & Hupe, p . 5 7 8 ,n i ,
p l . 1 0 , f i g s , 9 -1 0 ,
1872 '* (M ilne  Edw ards);  A ,A g a s s iz ,  p , 1 0 8 ,5 5 6 ,p l ,1 4 a ,
f i g s , 2 - 4 , p l , 2 1 b , f i g s , 1 - 2 , p l , 38 , 
f i g s , 3 0 -3 1 ,
1872 ** *' (M ilne  E dw ards);  H u t to n ,  p . 13 ,
1898 '* ” (M ilne  E dw ards);  F a r q u h a r ,  p ,3 2 1 ,
1904 ** *’ (M ilne  Edwards( ;  H u t to n ,  p ,2 2 8 ,
1907 '* ** (M ilne  E dw ards);  F a r q u h a r ,  p ,1 2 8 ,
1917 O l ig o p o d ia  r e c e n s  (M ilne  E dw ards);  C l a r k ,  p , 1 0 8 ,p l , 1 4 4 , f i g s , 8 -11 ,
1920 Apatopygus r e c e n s  (M ilne  E dw ards);  Hawkins, p ,3 9 4 ,
1921 N ucleopygus r e c e n s  (M ilne  E dw ards);  Lam bert & T h ie ry ,  p ,3 4 7 ,
1921a E c h i n o b r i s s u s  ( O l ig o p o d ia ) r e c e n s  (M ilne  E dw ards);  M ortensen ,
p , 1 8 4 ,p l , 8 , f i g s , 1 - 4 ,
1921b ** "  (M ilne  E dw ards);  M ortensen ,
p , 1 1 7 ,p l , 1 1 , f i g s , 4 -5 ,
1922 Apatopygus r e c e n s  (M iln e  E dw ards);  L am bert ,  p ,3 0 ,
1924 '* "  (M iln e  E dw ards);  Lam bert & T h ie r y ,  p ,3 9 6 ,
1925 ** "  (M iln e  E dw ards);  Lam bert & T h ie r y ,  p ,5 8 7 ,
1925 *• *' (M ilne  E dw ards);  C la r k ,  p ,1 7 9 ,
1925 E c h in o b r i s s u s  r e c e n s  (M iln e  E dw ards);  M orten sen ,  p . 391,
1929 '* ** (M iln e  E dw ards);  Young, p ,1 6 1 ,
1929 Apatopygus r e c e n s  (M iln e  E dw ards);  B r ig h to n ,  p ,3 0 8 ,
1948 •* "  (M iln e  E dw ards);  M ortensen , p ,1 8 1 ,p l , l , f i g s , 22 -25 ,
3 1 ,3 2 ,3 4 ,3 5 ,
1962 ** " (M ilne  E dw ards);  K i e r ,  p , 2 2 3 ,p l , 3 4 , f i g s . 4 -7 ,
t e x t - f i g , 1 8 2 ,
1966 '* " (M ilne  E dw ards);  K i e r , p , 5 2 2 ,f i g , 4 1 3 , l a - c ,
1974 "  •• (M ilne  E dw ards);  K i e r ,F i g ,2 8 c ,
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Type specim en
L o c a t io n  unknown.
D e s c r i p t i o n
C h a r a c t e r s  o f  t h e  g e n u s ,  /
Range
?Eocene to  R e c e n t  o f  New Z e a la n d ,
D i s c u s s io n
T h is  s p e c i e s , f i r s t  p la c e d  w i t h i n  N u c l e o l i t e s  by M ilne Edwards 
(1836)  on th e  g rounds  o f  c l o s e  m o rpho log ica l^  s i m i l a r i t y , i s  th e  
o n ly  known e x t a n t  fo rm  o f  t h e  ' n u c l e o l i t i d ' - t y p e  c a s s i d u l o i d s .
I t  i s , t h e r e f o r e , o f  g r e a t  i n t e r e s t  e c o l o g i c a l l y .  Due to  th e  ab sen ce  
o f  w e l l  e s t a b l i s h e d  T e r t i a r y  i n t e r m e d i a t e s  th e  a f f i n i t i e s  o f  t h i s  
s p e c i e s  have  been  th e  s u b j e c t  o f  much d i s c u s s i o n .  A p a r t  from 
N u c l e o l i t e s  t h e  s p e c i e s  has  a l s o  been p la c e d  w i t h i n  E c h i n o b r i s s u s , 
Nucleopygus and O l i g o p o d ia , Hawkins (1920 )  e s t a b l i s h e d  th e  genus 
A patopygus s o l e y  f o r  t h i s  e x t a n t  s p e c i e s  becau se  o f  t h e  p re s e n c e  o f  
p y r i n i d  p l a t i n g  i n  th e  p h y l lo d e s .
M a te r i a l
M easured specim ens  used  i n  t h e  b i o m e t r i c a l  a n a ly s e s :  
C o l l e c t i o n  o f  t h e  D epa r tm en t  o f  Z o o lo g y ,B ,M ,(N ,H ,) , f ro m  N elson ,
New Z e a la n d ;  R e c e n t ,  18 s p e c im en s .
Sample d o n a te d  by D r,D ,Paw son from  W e l l i n g t o n  H arbou r ,  New Z ea lan d ;  
R e c e n t ,  23 s p e c im e n s .
Ecology
A ,r e c e n s  i s  found a round  th e  New Z ea land  c o a s t s , g e n e r a l l y  
i n  c o a r s e  s h e l l  g r a v e l s , a t  d e p th s  o f  betw een 3 and 150 m e tre s  
( H i g g in s ,1 9 7 4 ) , a l t h o u g h  M ortensen  (1 9 4 8 :1 8 3 )  g iv e s  d e p th s  o f  betw een
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10 and 40 m, o n ly .
T h is  s p e c i e s  i s  now known to  be a sh a l lo w  borrow er  (H ig g in s ,  
1974; K ie r ,  p e r s o n a l  com m unication) and K i e r ' s  (1962 )  e a r l i e r  
h y p o th e s i s  may now be i n v a l i d  f o r  most e x t a n t  c a s s i d u l o i d s  and 
p o s s i b l y  f o r  f o s s i l  s p e c i e s  a s  w e l l ,  K ie r  (1962)  s u g g e s t e d , p a r t l y  
from th e  l a c k  o f  r e l e v a n t  e c o lo g i c a l  d a t a , b u t  m a in ly  from o b s e r v a t io n s  
on g e n e r a l  m o rp h o lo g y , le n g th  o f  p e t a l s  and th e  l a c k  o f  any s p e c i a l i s e d  
bu rrow ing  o r g a n s , t h a t  c a s s i d u l o i d s  may o n ly  p a r t l y  burrow up to  
th e  edge o f  t h e  p e t a l s .  He showed i n  d iag ram m atic  form ( K i e r , 1962; 
c h a r t  4 )  t h a t  an  e v o lu t i o n a r y  seq u en ce  w i t h i n  th e  c a s s i d u l o i d s  
cou ld  be e s t a b l i s h e d  i n  w hich  th e  l e n g t h  o f  t h e  p e t a l s  s h o r t e n  
w i th  t im e .  T h is  was t a k e n  to  i n d i c a t e  t h a t  t h e s e  c a s s i d u l o i d s  
w ere  g r a d u a l l y  a b l e  t o  bu ry  more d e e p ly  th ro u g h o u t  th e  Mesozoic 
and C e n o z o ic ,
H ig g in s ( 1 9 7 4 ) ,h o w e v e r ,h a s  o b se rv e d  A ,r e c e n s  burrow ing  i n t o  
i t s  n a t i v e  s u b s t r a t e  i n  an  a q u a r iu m . I t  i s  a b l e  to  burrow c o m p le te ly  
b e n e a th  t h e  s u r f a c e  o f  t h e  s u b s t r a t e  w i th  no a p p a r e n t  connex ion  
w i th  t h e  o v e r l y i n g  w a te r  column. I t  a p p e a rs  t h a t  th e  a s s o c i a t i o n  
o f  A ,r e c e n s  w i t h  a  r e l a t i v e l y  p o r o u s ,c o a r s e  s u b s t r a t e  o b v ia t e s  
th e  r e q u i r e m e n t  to  m a in ta in  a d i r e c t  c onnex ion  to  th e  o v e r ly in g  
s e a - w a t e r , e , g ,  th ro u g h  th e  c o n s t r u c t i o n  o f  a  r e s p i r a t o r y  burrow ,
A .r e c e n s  i s  a  d e p o s i t  f e e d e r  and an  a lm o s t  c o n tin u o u s  
d i s c h a r g e  o f  s e d im e n t  p a r t i c l e s  from  th e  anus was o b se rv ed  by 
H ig g in s  d u r in g  norm al f e e d in g  b e h a v io u r .  T h is  f e e d i n g  b e h a v io u r  
i s  s e l e c t i v e  i n  t h a t  l a r g e r  p a r t i c l e s  w i l l  n o t  be i n g e s t e d .
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CHAPTER 4 -  METHODS OF STUDY
4 A) Aims
The aim o f  th e  b i o m e t r i c a l  work i n  t h i s  and s u b seq u e n t  
c h a p te r s  i s  tw o f o ld .  F i r s t , t o  c h a r a c t e r i s e  sam ples o f  s e l e c t e d  
N u c l e o l i t e s  s p e c i e s  by m u l t id im e n s io n a l  m easurem ents o f  th e  t e s t .  
S e c o n d , to  compare sam ples  to  a s s e s s  bo th  i n t e r  and i n f r a s p e c i f i c  
v a r i a t i o n .  T h is  p e rm i t s  d i s t i n c t i o n  o f  th o s e  v a r i a b l e s  which can  
be shown to  be o b j e c t i v e l y  s i g n i f i c a n t  from th o s e  which a r e  
i n s i g n i f i c a n t  i n  q u a n t i t a t i v e  te rm s .  For th e  d a t a  t o  be v a l i d  
c a r e  has  been  t a k e n  i n  sa m p ling ,m easu rem en t  and th e  a p p l i c a t i o n  
o f  a p p r o p r i a t e  t e c h n i q u e s .
4 B) Sam pling
Each sam ple  u sed  i n  t h i s  s tu d y  i s  a c o l l e c t i o n  o f  n u c l e o l i t i d s  
from  a  s p e c i f i c  h o r i z o n  a t  a  s i n g l e  l o c a l i t y  o f  l i m i t e d  
g e o g r a p h ic a l  e x t e n t .  D u r in g  sam p lin g  a l l  e c h in o id s  w i t h i n  a p a r t i c u l a r  
h o r i z o n  w ere  c o l l e c t e d  a s  w ere  examples o f  th e  se d im e n t  and 
r e p r e s e n t a t i v e  members o f  t h e  accom panying f a u n a ,  I  was c a r e f u l  
to  e n s u re  t h a t  c o l l e c t i o n  o f  N u c l e o l i t e s  was u n b ia s e d  a n d , t h e r e f o r e ,  
th e  s i z e  o f  t h e  sam ple  was l i m i t e d  o n ly  by th e  abundance o f  specim ens 
w i t h i n  each  h o r i z o n ,T h e r e  a r e , o f  c o u r s e , l a r g e  d i f f e r e n c e s  i n  th e  
n u m e r ic a l  abundance  o f  N u c l e o l i t e s  a t  p a r t i c u l a r  l o c a l i t i e s  and 
sam ple  s i z e s  v a r y  c o r r e s p o n d in g l y .  Amongst museum c o l l e c t i o n s ,  
sam ples  a r e  a g a i n  l i m i t e d  by th e  amount o f  m a t e r i a l  a v a i l a b l e  
f o r  s tu d y .
I t  w a s , t h e r e f o r e , i m p o s s i b l e  i n  p r a c t i c e  to  c o l l e c t  l a r g e  
sam ples  a t  e v e ry  l o c a l i t y  o r  t o  c o l l e c t  sam ples  a l l  o f  a s i m i l a r  
s i z e .  T h is  i s  a  common problem  i n  b i o l o g i c a l  r e s e a r c h , a s  no ted
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by Simpson ^  ( 1 9 6 0 :1 5 0 ) ,  " I n  zoo logy  th e  sam ple s i z e  i s  
u s u a l l y  f i x e d  by w hat can  be o b ta in e d .  I n s t a n c e s  i n  which a sample 
can  be made o f  any  d e s i r e d  s i z e  a r e  r a r e , a n d  i t  i s  a good g e n e ra l  
p r i n c i p l e  to  u s e  a l l  a v a i l a b l e  i n f o r m a t io n , "  They c o n c lu d e  t h a t  
even s i n g l e  spec im ens  o r  v e ry  sm a l l  sam ples c o n t r i b u t e  some 
in f o r m a t io n  o f  th e  o r i g i n a l  p o p u la t io n  r a n g e  and sh o u ld  n o t  be 
ig n o r e d ,  G i l b e r t  ( 1 9 7 3 ) , h o w e v e r ,su g g e s ts  t h a t , a s  th e  v a lu e s  of 
S t u d e n t ' s ' t '  do n o t  change  much once t h e r e  a r e  12 o r  more d e g re e s  
o f  f r e e d o m , t h i s  s h o u ld  be a minimum number f o r  b i o m e t r i c a l  sa m p le s ,  
B a i le y  (1 9 5 9 )  d e f i n e s  n <30 as  a sm a l l  sam ple w h i l s t  a l s o  n o t in g  
t h a t  much in f o r m a t io n  c a n  s t i l l  be e x t r a c t e d  from  a sm a l l  sam ple . 
Amongst modern s t a t i s t i c a l  s t u d i e s  t h e r e  has  been g r e a t  
v a r i a t i o n  i n  t h e  s i z e s  o f  sam ples  u s e d .  F o r  e x a m p le , in  e c h in o id  
b i o m e t r i c s  N ic h o ls  (1959 )  u s e s  sam ples  r a n g in g  i n  s i z e  from 
15 t o  30 s p e c im e n s , w h i l s t  Kermack ( 1 9 5 4 ) ,w ork ing  on a museum 
c o l l e c t i o n , i s  a b l e  to  s tu d y  sam ples  o f  betw een 27 and 271 spec im ens .  
Some r e c e n t  m u l t i v a r i a t e  s t u d i e s  a l s o  show w ide  r a n g e  o f  sample 
s i z e s ,  Mares (1 9 7 6 )  u s e s  d i s c r i m i n a n t  f u n c t i o n s  and c l u s t e r  a n a l y s i s  
i n  a  s tu d y  o f  r o d e n t  s p e c i e s  i n  which s p e c i e s  a r e  c h a r a c t e r i s e d  
by sam ples  r a n g i n g  from  1 to  20 i n d i v i d u a l s ,  P i n g i t o r e  (1976) 
u se s  Bioroed program  BMD 07M i n  an  a n a l y s i s  o f  c o r a l  d i a g e n e s i s .
He q u a n t i f i e s  12 v a r i a b l e s  on two sam ples  o f  13 and 27 specim ens 
i n  o r d e r  t o  c l a s s i f y  unknown m a t e r i a l .
T h e re  does  n o t  a p p e a r  t o  be a c o n sen su s  o f  o p in io n  on 
minimum o r  maximum sam ple  s i z e , t h e  number o f  specim ens u s u a l l y  v 
be in g  r e l a t e d  t o  t h e  prob lem  a t  h a n d .  The s m a l l e s t  sam ple used  
i n  t h e  p r e s e n t  s tu d y  i s  o f  t h r e e  ty p e  specim ens  o f  N ,ro tundus  
from  th e  C o t t e a u  c o l l e c t i o n  a t  O rsa y ,  The s m a l l e s t  c o l l e c t i o n  
made by th e  a u t h o r  was se v e n  specim ens o f  N ,e lo n g a tu s  amongst th e
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21 n u c l e o l i t i d s  found a t  S t r a t t o n  A udley , Most c o l l e c t e d  samples 
used  i n  t h e  b i o m e t r i c a l  a n a ly s e s  below c o n ta i n  ove r  t e n  spec im ens .  
The l a r g e s t  sam ple  i s  o f  133 specim ens o f  N .s c u t a tu s  from Upware,
I t  was found t h a t  l i t t l e  a d d i t i o n a l  i n f o r m a t io n  i s  ga ined  
by th e  u s e  o f  v e r y  l a r g e  sa m p le s .  For e x a m p le , th e  sam ple  o f  
N . s c u t a t u s  from  T r o u v i l l e ,C a l v a d o s , has  been c h a r a c t e r i s e d  i n  
two w ays. F i r s t , b y  t h e  u s e  o f  th e  f u l l  number o f  107 p e r f e c t  
specim ens  from  b o th  t h e  c l i f f  and s h o re  l o c a l i t i e s .  Second ,by  th e  
I n c l u s i o n  o f  o n ly  19 specim ens from  th e  s h o re  c o l l e c t e d  by m y s e l f .  
Both m ethods p ro d u ce  s i m i l a r  r e s u l t s  i n  m u l t i v a r i a t e  a n a ly s e s  
( s e e  p ,150 ) i n d i c a t i n g  t h a t  t h e  d a t a  a r e  c o n s i s t e n t  f o r  bo th  
l a r g e  and s m a l l  s a m p le s .  Samples o f  th e  o r d e r  o f  20 i n d i v i d u a l s  
would t h e r e f o r e  seem a d e q u a te  t o  c h a r a c t e r i s e  t h e i r  l o c a l  
p o p u l a t i o n  ( s e e  a l s o  p ,2 9 6 ) .
Specim ens w ere  c le a n e d  by a v a r i e t y  o f  modern t e c h n iq u e s .  
Most w ere  p r e p a re d  w i t h  a i r  a b r a s i v e  a p p a r a t u s , u s i n g  f i n e  o r  s o f t  
pow ders ,and  a D e n t s p ly  C a v i t r o n , a n  u l t r a s o n i c  v i b r a t i n g  p robe . 
Specimens co v e re d  i n  a  s o f t  m a t r ix  w ere  f i r s t  c le a n e d  i n  an 
u l t r a s o n i c  b a t h , w h i l s t  a  d e n t a l  d r i l l  w i th  carborundum hand 
p ie c e s  was used  on some v e ry  h a rd  l im e s t o n e s .
A l l  spec im ens  w ere  m easured  u s in g  a S w if t  t r a v e l l i n g  . 
m ic ro s c o p e .  D e f i n i t i o n  o f  t e s t  d im ens ions  i s  g iv e n  below ( p ,  8 3 ) .
M easurem ents o f  th e  t e s t  m orphology w ere  t e s t e d  f o r  t h e i r  
r e p r o d u c e a b i l i t y  f o l l o w in g  th e  methods o f  Kermack (1 9 5 4 ) ,
4 C) M easurement
1 ,  I n t r o d u c t i o n  
P a s t  w o rk e rs  i n  n u m e r ic a l  taxonomy have  been l i m i t e d  i n  th e  
number o f  v a r i a b l e s  th e y  have  been a b l e  t o  u s e  to  d e f i n e  f o s s i l
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sam ples  by th e  c a l c u l a t i o n  and h a n d l in g  o f  th e  l a r g e  amounts o f  
d a t a  i n v o lv e d .  R e l a t i v e l y  r e c e n t l y , S y l v e s t e r - B r a d l e y  (1958)  /  
s t a t e d  t h a t  q u a n t i t a t i v e  methods were o n ly  a b l e  to  examine one o r  
two c h a r a c t e r s  i n  a  s e r i e s  o f  specim ens w h i le  th e  human eye i s  
a b l e  to  compare many c h a r a c t e r s  i n s t a n t a n e o u s l y  i n  s i n g l e  spec im ens .  
He c o nc luded  t h a t  t y p o l o g i c a l  com parison  was t h e r e f o r e  a  more 
u s e f u l  t o o l  a s  a b a s i s  f o r  taxonomy. However th e  p a r a l l e l  growth 
o f  com puter a n a ly s e s  and m u l t id im e n s io n a l  te c h n iq u e s  have  made 
th e  f i r s t  p a r t  o f  t h i s  s t a t e m e n t  outmoded as  p a l a e o n t o l o g i s t s  
a r e  now a b l e , t o  a  g r e a t  e x t e n t , t o  combine th e  a n a l y s i s  o f  v a r i a t i o n  
i n  n d im e n s io n s  w i t h  a n a l y s i s  o f  a  g r e a t  number o f  spec im en s .  
Computers c an  be programmed to  c a l c u l a t e  complex fo rm u la e  such  
a s  t h e  r e d u c e d  m ajo r  a x i s , a n  im p o r ta n t  r e g r e s s i o n  l i n e  o f  b e s t  
f i t  t h a t  h as  had o n ly  l i m i t e d  a p p l i c a t i o n  i n  th e  p a s t  because  o f  
th e  t im e  in v o lv e d  i n  d e r i v i n g  th e  c o e f f i c i e n t s  f o r  each p a i r  o f  
v a r i â t e s .
I f  an  o b j e c t i v e  s tu d y  o f  th e  taxonomy o f  f o s s i l  samples 
i s  a t t e m p t e d , a s  many v a r i a b l e s  a s  p o s s i b l e  sh o u ld  be used  so  
t h a t  s u b j e c t i v e  a s s e s s m e n t  i s  k e p t  to  a  minimum. P a r a d o x i c a l l y ,  
h o w e v e r , th e  s e l e c t i o n  o f  v a r i a b l e s  t o  be m easured i s  pe rhaps  th e  
most s u b j e c t i v e  e le m en t  i n  th e  c o m p i la t io n  o f  d a t a  f o r  b io m e t r i c a l  
a n a l y s i s , a s  t h o s e  c h a r a c t e r s  w hich a r e  chosen  a r e  deemed more 
im p o r ta n t  by th e  ta x o n o m is t ,a n d  a r e  i n  e f f e c t  w e ig h ted  i n  fa v o u r  
o f  th o s e  c h a r a c t e r s  n o t  c h o se n .  I f , f o r  e x a m p le ,o n ly  th e  l e n g t h ,  
b r e a d th  and h e i g h t  o f  spec im ens  a r e  u sed  to  d i s t i n g u i s h  between 
sam ples  th e n  t h e s e  v a r i a b l e s  a lo n e  have  n e c e s s a r i l y  been p r e - s e l e c t e d  
as  t h e  o n ly  c h a r a c t e r s  im p o r ta n t  i n  th e  taxonomy o f  th e  g roups 
c o n c e rn e d ,
A f u l l  r a n g e  o f  m easurem ents  i s  t h e r e f o r e  im p e r a t iv e
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i n  o r d e r  to  o b t a i n  maximum in fo r m a t io n  on th e  morphology o f  specim ens 
and to  l i m i t  t h e  d e g re e  o f  s u b j e c t i v i t y  t h a t  w e igh ted  c h a r a c t e r s  
i n t r o d u c e ,
/
2 . The s e l e c t i o n  o f  c h a r a c t e r s  on NUCLEOLITES 
I t  has  been  p o s s i b l e  i n  th e  p r e s e n t  work to  i n c o r p o r a t e  
many v a r i a b l e s  t h a t  have  been used  i n  r e c e n t  y e a r s  i n  s t a t i s t i c a l  
s t u d i e s  o f  e c h in o id s  as  w e l l  as  c h a r a c t e r s  t h a t  w ere  used  i n  th e  
o r i g i n a l  c l a s s i f i c a t i o n s  o f  n u c l e o l i t i d s .
R e c e n t  B r i t i s h  s t a t i s t i c a l  work on M esozoic e c h in o id s  
h a s  been c o n c e n t r a t e d  on th e  C re ta c e o u s  s p a ta n g o id  M i c r a s t e r . 
E le m e n ta ry  s t u d i e s  have  been a p p l i e d  to  th e  C re ta c e o u s  h o l a s t e r o i d  
E c h in o co ry s  ( W i l l c o x ,1 9 5 3 ) ,  A lthough  th e  m easurem ents o f  some 
c h a r a c t e r s  o f  t h e  t e s t  u sed  i n  t h e s e  s t u d i e s  c a n n o t  be a p p l i e d  
t o  c a s s i d u l o i d s , m o s t  o f  t h e  v a r i a b l e s  c oncerned  w i th  morphology 
a r e  used  i n  t h e  p r e s e n t  w ork . The a u t h o r ' s  v a r i a b l e s  A to  E,
G and H a r e  b a s i c a l l y  t h e  same as th o s e  used  by Kermack (1954) 
f o r  M icras  t e r , a l t h o u g h  th e  e x a c t  p o s i t i o n  o f  m easurem ent may d i f f e r  
due  to  t h e  d i f f e r e n c e s  i n  o v e r a l l  sh ap e  betw een M ic r a s t e r  and 
N u c l e o l i t e s . N ic h o ls  ( 1 9 5 9 ) , i n  a  p a l a e o e c o l o g i c a l  s tu d y  o f  M i c r a s t e r , 
c o n c e n t r a t e s  m a in ly  on p e t a l  c h a r a c t e r i s t i c s  and po re  c o u n ts  
p l o t t e d  a g a i n s t  s i z e  number. These  a r e  r e p r e s e n t e d  by v a r i a b l e s  
P to  V and v a r i a b l e  W r e s p e c t i v e l y  h e r e i n ,  S to k e s  (1972) s u g g e s t s  
f h a t  t h e  h e i g h t  o f  t h e  p e r i p r o c t  i s  more u s e f u l  i n  d i s t i n g u i s h i n g  
betw een sam ples  o f  M i c r a s t e r  th a n  th e  p r e s e n c e  o r  ab sen c e  o f  a  V 
s u b - a n a l  f a s i c o l e , t h e  h e i g h t  o f  th e  p e r i p r o c t  be ing  i n c o r p o r a t e d  
as  v a r i a b l e  N4 i n  t h e  p r e s e n t  w ork .
I n  France ,R om an (1 9 5 6 ,1 9 5 7 )  u s e s  c h a r a c t e r s  o f  th e  p e t a l s  
and e c c e n t r i c i t y  o f  t h e  apex  and p e r i s to m e  i n  s t a t i s t i c a l  s t u d i e s  o f
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t h e  v a r i a t i o n  i n  some Eocene s p e c i e s  o f  th e  c a s s i d u l o i d  E ch ino lam pas .
I n  p e t a l s  1 and 2 he  m easures  th e  l e n g t h  ( v a r i a b l e s  Q1 and Q2 o f
th e  p r e s e n t  w ork)  t h e  maximum w id th  o f  th e  p e t a l s  (V1,V2) w id th
o f  th e  i n t e r p o r i f e r o u s  zon e r(U l,U 2 )  and c a l c u l a t e s  th e  w id th  o f  
\
t h e  two p o r i f e r o u s  zones (T1 and T2) by s u b t r a c t i n g  th e  w id th  o f  
t h e  i n t e r p o r i f e r o u s  zone from th e  maximum w id th  o f  t h e  p e t a l ,
Roman (1956 )  a l s o  u s e s  th e  p r o j e c t i o n  o f  th e  am bu lacra  above 
th e  s u r f a c e  o f  th e  t e s t , b u t  t h i s  cou ld  n o t  be m easured i n  th e  
e s s e n t i a l l y  p l a n a r  s u r f a c e  o f  th e  t e s t  o f  N u c l e o l i t e s . Roman (1957) 
m easu res  t h e  l e n g t h  o f  th e  two p o r i f e r o u s  zones in d e p e n d e n t ly  
as  w e l l  a s  t h e  d i f f e r e n c e s  i n  w id th  o f  i n t e r a m b u la c r a l  a r e a s  
I I  and I I I  t o  show asymmetry w i t h i n  specim ens o f  E ch ino lam pas , 
Asymmetry o f  p e t a l  c h a r a c t e r s  a p p e a rs  to  be an  advanced a d a p t iv e  
c h a r a c t e r  ( K i e r , 1962 p . 11) amongst c a s s i d u l o i d  echinoidsm and i s  
n o t  a p p a r e n t  i n  N u c l e o l i t e s , However th e  v a r i a b l e s  were m easured 
on a l l  p e t a l s  so  t h a t  d i f f e r e n c e s  betw een th e  l e f t  and r i g h t  
am b u lac ra  c o u ld  be s e e n .  D e t a i l e d  s t r u c t u r e s  such  as  th e  l e n g th  
o f  t h e  a n t e r i o r  and p o s t e r i o r  p o r i f e r o u s  zones o f  i n d i v i d u a l  
p e t a l s  a p p e a r  t o  be c o n s t a n t  i n  N u c l e o l i t e s ,
I n  n o n - s t a t i s t i c a l  work v a r io u s  a u th o r s  have s u g g e s te d  “  
t h a t  c e r t a i n  c h a r a c t e r s  a r e  u s e f u l  i n  d i s t i n g u i s h i n g  w i t h i n  and 
betw een g roups  o f  n u c l e o l i t i d s ,
K ie r  (1 9 6 2 ,  p ,5 7 )  s t a t e s  t h a t  th e  genus N u c l e o l i t e s  
Can be d i s t i n g u i s h e d  from  Clypeopygus by i t s  more i n f l a t e d  t e s t
»
( v a r i a b l e  C) and from  P h y l l o b r i s s u s  by i t s  w id e r  t e s t  and more 
a n t e r i o r  p e r i p r o c t  ( v a r i a b l e s  B and J ) .  K ie r  ( p ,6 2 )  a l s o  c la im s  
t h a t  w i t h i n  t h e  g e n u s ,N . s c u t a t u s  can  be d i s t i n g u i s h e d  from 
N . c l u n i c u l a r i s  ( -  N . l a t i p o r u s ) o n ly  by s l i g h t  d i f f e r e n c e s  i n  
shape  ( v a r i a b l e s  A to  D,G and H) and l e n g t h  o f  t h e  a n a l  groove
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( v a r i a b l e  J ) .  He a l s o  o b se rv e s  ( p . 10 and C h a r t  4) t h a t  t h e r e  i s  
an  e v o l u t i o n a r y  t r e n d  w i t h i n  th e  c a s s i d u l o i d s  from J u r a s s i c  forms 
i n  w hich  th e  p e t a l s  a r e  lo n g  and ex tend  a lm o s t  to  th e  m arg in  to  
forms w i th  h i g h e r  t e s t s  and s h o r t e r  p e t a l s  i n  th e  C re ta c e o u s  and 
T e r t i a r y .  M easurements o f  th e  l e n g th  o f  th e  p e t a l  a r e  r e p r e s e n te d  
by v a r i a b l e s  Q l-5  f o r  each ambulacrum and v a r i a b l e  X , th e  a v e ra g e  
p e t a l  l e n g t h .  O th e r  e v o lu t io n a r y  t r e n d s  r e c o g n is e d  by K ie r  (1962) 
c o n c e rn  th e  w id th  o f  th e  p e t a l  and e lo n g a t io n  o f  th e  o u t e r  p o re .  
M easurements on th e  p o r i f e r o u s  zones a r e  ta k e n  on each ambulacrum 
a c r o s s  t h e  w i d e s t  p a r t  o f  th e  p e t a l , t h e s e  b e in g  v a r i a b l e s  R to  V 
i n  th e  p r e s e n t  w ork ,
Jes io n ek -S zy m an sk a  (1967)  r e c o g n i s e s  a g ra d u a l  p o s t e r i o r  
movement o f  t h e  p e r i p r o c t  th ro u g h  t im e  i n  th e  h u c l e o l i t i d s , r e s u l t i n g  
i n  a  g r e a t e r  s e p a r a t i o n  betw een th e  a p i c a l  sys tem  and p e r i p r o c t ,  
and t h e r e f o r e  a  s h o r t e n in g  o f  t h e  a n a l  s u l c u s .  These m easurements 
a r e  r e p r e s e n t e d  by v a r i a b l e s  N1 and J ,
Many o f  W r ig h t 's  (1859)  o b s e r v a t io n s  on N u c l e o l i t e s  have 
been i n c o r p o r a t e d  i n  t h i s  s t u d y .  He f r e q u e n t l y  u ses  th e  l e n g th  
o f  t h e  s u lc u s  ( v a r i a b l e  J ) , a m b i t u s  i n c r e a s i n g  i n  d ia m e te r  towards 
t h e  p o s t e r i o r  ( v a r i a b l e  H ) , t h e  w id th  o f  t h e  s u lc u s  ( v a r i a b l e  K), 
p o s i t i o n  o f  t h e  d i s c  ( v a r i a b l e  M ) ,s i z e  o f  th e  p e r i s to m e  ( v a r i a b l e  F ) 
and e l o n g a t i o n  o f  t h e  t e s t  ( v a r i a b l e s  A and B) t o  d i s t i n g u i s h  
betw een th e  v a r i o u s  B r i t i s h  s p e c i e s .
Many o f  t h e  e a r l y  w orkers  i n  F ra n ce  and S w i tz e r la n d  use  
c h a r a c t e r s  o f  t h e  p e r i s to m e  and f l o s c e l l e  to  d i s t i n g u i s h  between 
N u c l e o l i t e s  and o t h e r  c a s s i d u l o i d s ,  A g a s s iz  (1839) u s e s  th e  ab sen ce  
o f  b o u r r e l e t s  i n  N u c l e o l i t e s  t o  d i s t i n g u i s h  i t  from C ly p e u s . A g a ss iz  
and D eso r  (1 8 4 7 )  u s e  b o u r r e l e t s  to  s e p a r a t e  N u c l e o l i t e s  from 
Catopygus w h i l e  d 'O r b ig n y  (1857)  e s t a b l i s h e s  two new g e n e ra  from
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th e  N u c l e o l i t e s  o f  A g a ss iz  on c h a r a c t e r s  o f  th e  p e r i s to m e ;
Clypeopygus on t h e  p re s e n c e  o f  b o u r r e l e t s  and w e l l  deve loped  
p h y l lo d e s , and Trematopygus (5  P lag io ch asm a) on th e  p re s e n c e  o f  
an  o b l iq u e  p e r i s to m e .  K ie r  (1962) however i n  making o b s e rv a t io n s  
on e v o lu t i o n a r y  t r e n d s  i n  th e  p h y l lo d e s  o f  th e  c a s s i d u l o i d s  p icks  
o u t  a  ' n u c l e o l i t i d * t r e n d  i n  which th e  p h y l lo d e s  o f  g e n e ra  o f  th e  
N u c l e o l i t i d a e  and s p e c i e s  o f  N u c l e o l i t e s  show a c o n s i s t e n c y  i n  
l e n g t h  and a r ra n g e m e n t  th ro u g h o u t  th e  J u r a s s i c  and Lower C re ta c e o u s .
I t  was a l s o  found t h a t  f o r  t h e  pu rpose  o f  a b i o m e t r i c a l  s tu d y  
c h a r a c t e r s  o f  t h e  f l o s c e l l e  w ere  v e ry  d i f f i c u l t  to  d e f i n e  
o b j e c t i v e l y .  The p o re s  o f  th e  p h y l lo d e s  o f t e n  a l t e r n a t e  e i t h e r  
s i d e  o f  a s t r a i g h t  l i n e  from  th e  p e r i s to m e  f o r  some d i s t a n c e  
tow ards  t h e  a m b i tu s .  I t  i s  t h e r e f o r e  d i f f i c u l t  to  d e te rm in e  th e  
b e g in n in g  o f  th e  p h y l lo d e s  o r  th e  number o f  p o res  i n  each in n e r  - 
row . For t h i s  r e a s o n  and b e c au se  o f  t h e  o b s e r v a t io n s  made by K ier  
i t  was n o t  c o n s id e r e d  e x p e d ie n t  to  a t t e m p t  to  t a k e  m easurements 
o r  c o u n ts  on th e  p h y l lo d e s .  The b o u r r e l e t s  were a l s o  d i f f i c u l t  to  
m e a s u r e ,o b s e r v a t io n s  u s u a l l y  b e in g  l i m i t e d  to  s u b j e c t i v e  a s se s sm e n ts  
o f  p r e s e n c e /a b s e n c e  o r  d e g re e  o f  d e v e lopm en t.  The measurem ents 
t a k e n  on th e  p e r i s to m e  w ere  t h e r e f o r e  l i m i t e d  t o  th e  s i z e  o f  th e  
mouth ( v a r i a b l e  F) and i t s  p o s i t i o n  ( v a r i a b l e  E ) ,
The p r e s e n c e  o f  a  s h a l lo w  g roove  o r  d e p r e s s io n  between 
th e  p e r i p r o c t  and th e  a p i c a l  d i s c , a p p a r e n t l y  an  e x te n s io n  o f  th e  
s u lc u s  above th e  p e r i p r o c t  found  i n  e a r l y  s p e c i e s  o f  N u c l e o l i t e s , 
has  been  used  i n  t h e  taxonomy o f  n u c l e o l i t i d s  (W righ t  l859 ,Pom el ( 8 8 3 ) , r 
This  a g a in  was a  c h a r a c t e r  t h a t  was v i r t u a l l y  im p o s s ib le  to  m easure 
o b j e c t i v e l y , a s  was t h e  s i z e , d e g r e e  o r  p a t t e r n  o f  t u b e r c u l a t i o n .
Some o f  t h e  e v o lu t io n a r y  t r e n d s  r e c o g n i s e d  by K ie r  (1 9 6 2 ,p . 4 -15)  
c o u ld ,h o w e v e r ,b e  r e p r e s e n t e d  by a b in a r y  sy s tem  o f  n o t a t i o n  based
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on th e  p re s e n c e  o r  ab sen c e  o f  c h a r a c t e r s .  For  e x a m p le , th e  p resen ce  
o r  a b s e n c e  o f  b u c c a l  p o r e s , b o u r r e l e t s , th e  p o s s e s s io n  o f  d o u b le  o r  
s i n g l e  p o res  beyond th e  p e t a l s  o r  between t e t r a b a s a l  and monobasal 
a p i c a l  s y s te m s .  However such  m easurem ents o f  a t t r i b u t e s  ca n n o t  
be compared w i th  d i r e c t  m easurem ents o f  s i z e  as  bo th  a r e  c o m p le te ly  
d i f f e r e n t  m ethods o f  c h a r a c t e r i s i n g  d a t a .  A t t r i b u t e s  a r e  b a s i c a l l y  
q u a l i t a t i v e  d e s c r i p t i o n s  w h i l s t  m easurem ents based on an i n t e r v a l  
s c a l e  a r e  t r u l y  q u a n t i t a t i v e .  The b i o m e t r i c a l  a n a ly s e s  i n  t h i s  
t h e s i s  a r e  t h e r e f o r e  based on m easurem ents o r  c o u n ts  which have 
o b j e c t i v e  d e f i n i t i o n , b u t  a r e  l i m i t e d  to  d a t a  on th e  i n t e r v a l  s c a l e .
Of th e  v a r i a b l e s  chosen  f o r  measurem ent,A  to  N4 and W 
w ere  m easured on a l l  s p e c im e n s ,w h i l s t  P to  V and X were tak e n  
on two s e l e c t e d  g ro u p s  o n ly .
3 .  D e f i n i t i o n  o f  m easurem ents
V a r i a b l e  A ; G r e a t e s t  l e n g t h  o f  t e s t .
"  B : G r e a t e s t  b r e a d th  o f  t e s t  tak e n  a t  r i g h t  a n g le s  to  A,
"  C : G r e a t e s t  h e i g h t  o f  t e s t ,
"  D : H e ig h t  o f  t h e  a p i c a l  sy s tem ; from base  o f  t e s t
t o  m a d r e p o r i t e ,  _
** E : D i s t a n c e  from  a n t e r i o r  o f  t e s t  to  c e n t r e  o f  p e r is to m e ,
m easured  i n  an  a n t e r o - p o s t e r i o r  d i r e c t i o n ,
** F : A n t e r o - p o s t e r i o r  d ia m e te r  o f  th e  p e r i s to m e ,  '
.  "  G : D i s t a n c e  from  th e  a n t e r i o r  o f  t e s t  t o  most a n t e r i o r
p o i n t  o f  t h e  s u lc u s  a t  t h e  p o s t e r i o r  m arg in ,
"  H : D i s t a n c e  from  a n t e r i o r  o f  t e s t  to  t h e  w id e s t  p a r t
o f  t h e  t e s t ,
** I  s V e r t i c a l  h e i g h t  o f  th e  p e r i p r o c t ,
*• J  Î L ength  o f  th e  a n a l  s u lc u s  m easured from th e  a n t e r i o r
o f  t h e  p e r i p r o c t  to  t h e  p o s t e r i o r  m arg in  o f  th e  t e s t .
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'* K I Width o f  th e  s u lc u s  measured a t  th e  p o i n t  o f
g r e a t e s t  w id th  o f  th e  p e r i p r o c t ,  *
L : H o r i z o n ta l  l e n g t h  o f  th e  p e r i p r o c t ,
M I D i s t a n c e  from th e  a n t e r i o r  m arg in  o f  t e s t  to  th e
a p i c a l  d i s c ,m e a s u re d  to  th e  a n t e r i o r  o f  th e  m a d r e p o r i t e , :  
" Ml : D i s t a n c e  from th e  a p i c a l  sy s tem ,m easu red  from th e
a n t e r i o r  edge o f  th e  m a d r e p o r i t e ,  to  t h e  a n t e r i o r  
edge o f  th e  p e r i p r o c t ,
'* N2 : D epth  o f  t h e  a n a l  s u lc u s  a t  th e  p o s t e r i o r  m argin
o f  t h e  t e s t ,m e a s u r e d  i n  th e  a n t e r o - p o s t e r i o r  d i r e c t i o n ,
** N3 : D i f f e r e n c e  betw een th e  a p i c a l  h e i g h t  and g r e a t e s t
h e i g h t ,
*• N4 ; V e r t i c a l  d i s t a n c e  from th e  ba se  o f  t e s t  to  th e  base
o f  th e  p e r i p r o c t ,
'* P l -  : Number o f  p o re s  i n  th e  p e t a l o i d  p o r t i o n  o f  each
h a lf -a m b u la c ru m ,
" Q l-V: L ength  o f  each  p e t a l ,
** R l- V :  Width o f  o u t e r  po re  m easured a t  th e  p o i n t  o f  g r e a t e s t
w id th  o f  th e  p e t a l  ( a v e r a g e  from zones a and b ) ,
"  S l -Y :  Width o f  i n n e r  po re  m easured a t  th e  p o in t  o f  g r e a t e s t
w id th  o f  t h e  p e t a l  ( a v e ra g e  from zones a and b ) ,
"  T l-V : G r e a t e s t  w id th  o f  p o r i f e r o u s  zone a t  th e  p o in t  o f
g r e a t e s t  w id th  o f  th e  p e t a l  ( a v e ra g e  from zones a and b ) ,
"  Ul-V* G r e a t e s t  w id th  o f  i n t e r p o r i f e r o u s  zone a t  th e  p o in t
o f  g r e a t e s t  w id th  o f  th e  p e t a l ,
” V l-V : G r e a t e s t  w id th  o f  p e t a l ,
” W : S iz e  n u m b e r ,c a l c u la t e d  by A x B x C,
" X : Average  l e n g t h  o f  th e  f i v e  p e t a l s  c a l c u l a t e d  from
v a r i a b l e  Q,
V a r i a b l e s  A to  N4 a r e  t h e  15 m ajo r  t e s t  d im ens ions  used  i n  th e  
m a j o r i t y  o f  a n a ly s e s  d e t a i l e d  below,
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M easurem ents P to  V were tak e n  f o r  each ambulacrum and 
re c o rd e d  s e p a r a t e l y , t h e  am bulacra  be ing  numbered i n  th e  c o n v e n t io n a l ,  
method ( M e l v i l l e  & Durham,1 9 6 6 :2 2 1 ) ,  V a r ia b l e s  R to  V were re c o rd e d  
a t  th e  p o i n t  o f  g r e a t e s t  w id th  o f  th e  p e t a l .
The l e n g t h  o f  th e  p e t a l , v a r i a b l e  Q , i s  d e f in e d  as  the  
d i s t a n c e  from  th e  d i s t a l  edge o f  th e  o c u la r  p l a t e  to  th e  most 
d i s t a l  p o re s  w hich  a r e  n o t  o r i e n t a t e d  o b l iq u e ly  to  each o t h e r ,  
l i k e  th e  p o re s  a t  th e  am b itu s  ( s e e  f i g . 4 , 1 ) .  The e x t e n t  o f  th e  
p e t a l  i s  r e l a t i v e l y  e a sy  to  r e c o g n i s e  i n  p r a c t i c e .  I n  th e  genus 
Apatopygus th e  p e t a l  in c lu d e s  o n ly  doub le  pored  a m b u la c ra l  p l a t e s .  
A l l  m easurem ents  e x c e p t  v a r i a b l e  P,.a po re  c o u n t ,w e re  ta k e n  
w i th  a S w if t  T r a v e l l i n g  m ic ro sc o p e  to  0 ,01  m m ,^V ariab le  P ,b e in g  
a c o u n t  i s , b y  d e f i n i t i o n , a  d i s c r e t e  m easurem ent based  on an i n t e r v a l  
s c a l e  w h i l s t  a l l  o t h e r  v a r i a b l e s  a r e  c o n t in u o u s  m easurem ents . 
A lthough  th e  two u n i t s  o f  m easurem ent a r e  n o t  s t r i c t l y  com parab le ,  
th e y  can  be u sed  i n  th e  same d a t a  m a t r ix  i f  th e  d i s c r e t e  u n i t s  
have  l a r g e  v a l u e s .  T h is  i s  th e  c a s e  w i th  v a r i a b l e  P a s  u s u a l l y  
P 25, F i g . 4 ,2  g i v e s  i l l u s t r a t i o n  o f  v a r i a b l e s  A to  N4.
The m easurem ents  o f  v a r i a b l e s  A ,B ,G,H ,J,K ,L,M ,N1 and N2 
w ere  t a k e n  i n  t h e  h o r i z o n t a l  p la n e  from th e  a b o r a l  s u r f a c e , v a r i a b l e  
E and F from  th e  a d o r a i  s u r f a c e .
V a r i a b l e s  C ,D ,I ,N 3  and N4 were t a k e n  from  th e  p o s t e r i o r  i n  
t h e  v e r t i c a l  p l a n e ,
• R e p r o d u c e a b i l i t y  o f  m easurem ents
The m ethods used  by Kermack (1 954 , p . 386) i n  t h e  a s se s s m e n t  
o f  th e  e r r o r s  o f  m easurem ent have  been employed i n  th e  p r e s e n t  
w ork.
A random sam ple  o f  f i f t y  specim ens o f  N , s c u t a tu s  from 
th e  m ar ly  o o l i t e  o f  T r o u v i l l e  was m easured  tw ic e  t o  t e s t  th e
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Figure 4>1* Length of petal, variables P and Q,
as defined in the text. Drawing of apical 
disc and anterior ambulacrum of 
Nuc1eo1ites elongatus (O 15) from the 
Cornbrash (tipper Bathonian, discus zone) 
of Stratton Audley, Oxfordshire.
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Figure 4,2. Definition of variables A —  N4. See
text for exact definition of measurements 
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r e p r o d u c e a b i l i t y  o f  m e a su re m e n ts , th e  e f f e c t  o f  s e c u l a r  e r r o r s  
and th e  t o t a l  c o n t r i b u t i o n  o f  e r r o r s  to  th e  p o p u la t io n  v a r i a n c e ,  
Kermack (1954 )  g iv e s  an  a c c o u n t  o f  th e  t h e o r e t i c a l  b a ses  f o r  t h e s e  
p ro c e d u re s ,w h ic h  he  used  on two c o n g e n e r ic  s p e c i e s  from th e  same 
c h a lk  h o r i z o n s .  H ow ever,because  th e  p r e s e n t  work encompasses 
f o s s i l  g ro u p s  from  d i f f e r i n g  s e d im e n ta ry  f a c i e s , t h e s e  p ro ced u res  
w ere  a l s o  f o l lo w e d  f o r  th e  C o t h i l l  sample o f  N .s c u t a t u s  from a 
sandy  h o r i z o n .
I t  was found  t h a t  d e s p i t e  d i f f e r e n c e  i n  s iz e ,g e o g ra p h y  
and s e d im e n ta ry  e n v iro n m en ts  v a r i a b l e s  F and K c o n s i s t e n t l y  
f a i l e d  t e s t s  o f  r e p r o d u c e a b i l i t y  amongst th e  two f o s s i l  samples 
( s e e  d a t a ) .  V a r i a b l e ^ ? ,  t h e  s i z e  o f  th e  p e r i s to m e  , 
was found  t o  be o f  a  sm a l l  b u t  u n ifo rm  s i z e  amongst th e  samples 
s t u d i e d .  The v a r i a n c e  i s  t h e r e f o r e  c o r r e s p o n d in g ly  sm a l l  and any 
e r r o r s  o f  m easurem ent c o n t r i b u t e  a  l a r g e r  p e rc e n ta g e  t o  th e  
p o p u l a t i o n  v a r i a n c e  th a n  w i th  a  more v a r i a b l e  c h a r a c t e r .  V a r ia b le  K, 
w id th  o f  t h e  s u lc u s ,w a s  d i f f i c u l t  to  d e f i n e  a s  th e  w a l l s  o f  th e  
a n a l  s u l c u s  a r e  ro u n d e d ,n o  e a s i l y  f i x e d  p o i n t  be ing  p r e s e n t  from 
w hich m easurem ent can  be made. These v a r i a b l e s  were t h e r e f o r e  
n o t  m easured  i n  o t h e r  f o s s i l  s a m p le s ,  "
Most spec im ens  w i t h i n  th e  two r e c e n t  sam ples o f  A ,re c e n s  
have  th e  s p in e s  and p e r i p r o c t a l  membrane i n t a c t .  M easurements o f  
th e  t e s t , e s p e c i a l l y  th o s e  o f  t h e  p e r i p r o c t ,w e r e  d i f f i c u l t  t o  make; 
v a r i a b l e  I  co u ld  n o t  be m easured  a c c u r a t e l y  on any W e ll in g to n  
H arbour sp e c im e n s .  The t o t a l  e r r o r s  o f  m easurem ent o f  I  and K 
w ere  found  to  be u n a c c e p ta b ly  l a r g e  ( d i f f e r e d  s i g n i f i c a n t l y  from 
z e ro  a t  t h e  1% l e v e l )  and w e r e , t h e r e f o r e , o m i t t e d  i n  l a t e r  a n a ly s e s .
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4P) STATISTICS
1 . B i v a r i a t e  a n a l y s i s
Kermack (1 9 5 4 :3 9 1 )  has  been fo l lo w e d  i n  th e  u se  of b i v a r i a t e  
a n a l y s i s  o f  th e  f o s s i l  sam p les .  Due to  th e  e f f e c t s  o f  m o r t a l i t y  
r a t e s , c h a n c e  o f  b u r i a l , f o s s i l i z a t i o n  and p r e s e r v a t i o n , t h e  f o s s i l  
sam ples  a r e  u n l i k e l y  to  be r e p r e s e n t a t i v e  i n  s i z e  o f  i n d iv i d u a l s  
o f  th e  o r i g i n a l  p o p u l a t i o n .  Through th e  u se  o f  b i v a r i a t e  s t a t i s t i c s ,  
h o w e v e r , th e  ’ shape* p a ra m e te rs  so produced more a c c u r a t e l y  r e f l e c t  
t h e  grow th  o f  t h e  p o p u l a t io n  th a n  u n i v a r i a t e  s t a t i s t i c s  such as 
means and s t a n d a r d  d e v i a t i o n s .  Reduced m ajo r  a x i s  r e g r e s s i o n  
l i n e s  f i t t e d  t o  grow th  c u r v e s ,u s i n g  th e  e q u a t io n  o f  a l l o m e t r i c  
grow th y = p  x®^ , c a n  be compared to  t e s t  th e  s i g n i f i c a n c e  o f  th e  
d i f f e r e n c e s  betw een  such  l i n e s , a f t e r  th e  m ethods o f  Kermack (1954) 
and Im b r ie  (1 9 5 6 ) ,
2 . M u l t i v a r i a t e  a n a l y s i s
M u l t i v a r i a t e  m ethods o f  a n a l y s i s  a r e  an  e x te n s io n  o f  
b i v a r i a t e  m ethods i n t o  n -  d im e n s io n a l  s p a c e .  Many te c h n iq u e s  
have  been  d e v e lo p e d  d u r in g  th e  l a s t  f o r t y  y e a r s  f o r  m u l t i v a r i a t e  
a n a l y s i s .  Examples i n c lu d e  th e  t r a n s f o r m a t io n  o f  v a r i a b l e s  i n t o  
a s m a l l e r  number o f  v e c t o r s  t h a t  e x p re s s  th e  same v a r i a b i l i t y  
a s  t h e  o r i g i n a l  m a t r i c e s , o r  t h e  u s e  o f  m u l t i p l e  r e g r e s s i o n  l i n e s .  
These methods a r e  o b v io u s ly  v e r y  u s e f u l  a s  a l l  t h e  
i n f o r m a t io n  g a th e r e d  on sam ples  can  be used  i n  one a n a l y s i s  i n s t e a d  
o f  a s e r i e s  o f  b i v a r i a t e  a n a l y s e s ,  ^
M u l t i p l e  r e g r e s s i o n , a  l o g i c a l  p r o g r e s s io n  from s u c c e s s iv e  
b i v a r i a t e  a n a ly s e s ,w a s  n o t  found  to  be u s e f u l  i n  th e  p r e s e n t  work. 
The b a s i c  problem  o f  u s in g  m u l t i p l e  r e g r e s s i o n  te c h n iq u e s  
i s  t h e  n e c e s s i t y  o f  u s in g  a d e p e n d en t  v a r i a b l e .  Dependent v a r i a b l e s
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a r e  th o s e  v a r i a b l e s  a b o u t  which a l l  o th e r  c h a r a c t e r s  v a ry ,s u c h  
a s  t im e  o r  d i s t a n c e  i n  a m ath e m a tic a l  p roblem . I n  b i o l o g i c a l l y  
v a r i a b l e  sa m p le s ,h o w e v e r ,n o  dependen t  v a r i a b l e s  e x i s t  a s  i n  no 
i n s t a n c e  does  an  i n c r e a s e  i n  one v a r i a b l e  n e c e s s a r i l y  mean t h a t  
a n o th e r  v a r i a b l e  w i l l  i n c r e a s e  c o r r e s p o n d in g ly .  T h is  i s  th e  c a se  
even betw een components w i th  a h ig h  d e g re e  o f  c o r r e l a t i o n .
N e i th e r  th e  u se  o f  dummy v a r i a b l e s  no r  a r b i t r a r y  numbering 
o f  g e o g ra p h ic  l o c a t i o n s  as  d ep en d en t  v a r i a b l e s  produced u s a b le  
r e s u l t s .
However o t h e r  m u l t i v a r i a t e  programmes a v a i l a b l e  on th e  
U n i v e r s i t y  o f  London Computer C e n tre  com puters  were found to  be 
u s e f u l  i n  th e  a n a l y s i s  o f  f o s s i l  sam p les .  These in c lu d e d  P r i n c i p a l  
Component A n a l y s i s , C l u s t e r  A n a l y s i s ,D i s c r i m i n a n t  F u n c t io n s  and 
C a n o n ic a l  V a r i â t e s ,
P r i n c i p a l  Component A n a ly s is  
When t h e r e  a r e  no a p r i o r i  p a t t e r n s  o f  i n t e r r e l a t i o n s h i p s  
r e a d i l y  o b s e r v a b le  w i t h i n  th e  s t r u c t u r e  o f  a  s e t  o f  m u l t i v a r i a t e  
o b s e r v a t i o n s , t h e n  p r i c i p a l  component a n a l y s i s  (PCA) may be a b l e  
t o  p ic k  o u t  dependence  s t r u c t u r e s  o c c u r r in g  w i t h i n  th e s e  o b s e r v a t io n s  
The m u l t i v a r i a t e  s e t  may be a s i n g l e  sa m p le ,an d  t h e r e f o r e  th e  
p r e s e n c e  o f  subg roups  may be s o u g h t , o r  t h e  s e t  may c o n s i s t  o f  
two o r  more sam ples  i n  w hich c a s e  PCA can  be used  t o  t e s t  w he ther  
th e  i n d i v i d u a l  c a s e s  f a l l  i n t o  t h e i r  n a t u r a l  g ro u p in g s .  F u r th e rm o re ,  
th e  n a t u r e  o f  th e  d i f f e r e n c e s  betw een t h e s e  g ro u p in g s  i s  im p o r ta n t ,  
PCA i s  a b l e  to  i s o l a t e  th e  dependence  s t r u c t u r e  of  s e t s  o f  c a se s  
between th e  g ro u p s  o r  s e t s  o f  v a r i a b l e s  w i t h i n  th e  g ro u p s .
P r i n c i p a l  component a n a l y s i s  i s  a  w id e ly  used  te c h n iq u e  
i n  t h e  a n a l y s i s  o f  m u l t i v a r i a t e  d a t a .  As Temple (1975) has  p o in te d  
o u t , t h e  method can  be used  bo th  a s  a s t a t i s t i c a l  te c h n iq u e  and
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f o r  th e  g r a p h i c a l  r e p r e s e n t a t i o n  o f  m u l t i v a r i a t e  s a m p le s .
PCA i d e n t i f i e s  s e t s  o f  o r i g i n a l  v a r i â t e s  x^ ,X 2 . . . . . .x ^
t h a t  v a r y  t o g e t h e r  b u t  a r e  i n s t e a d  r e p r e s e n t e d  by new in d e p e n d e n t
v a r i a b l e s  y ^ t J 2 ......................... T hese  new v a r i a b l e s  a r e  c o m p le te ly
in d e p e n d e n t  o f  each  o t h e r  a s  th e y  a r e  o r t h o g o n a l , u n i i k e  th e  
o r i g i n a l  v a r i â t e s  w hich a r e  o f t e n  h i g h l y  c o r r e l a t e d  one to  th e  
o t h e r .  These  new v a r i â t e s  a r e  known a s  p r i n c i p a l  components o r  
e i g e n v e c t o r s , t h e  v a r i a n c e s  o f  w hich  a r e  r e p r e s e n t e d  by e ig e n v a lu e s .
The t o t a l  v a r i a n c e  o f  th e  o r i g i n a l  d a t a  m a t r ix  i s  p r e s e r v e d  by 
t h i s  o r th o g o n a l  t r a n s f o r m a t i o n  to  p r i n c i p a l  com ponen ts . However 
s in c e  t h e  e ig e n v a lu e  o f  t h e  f i r s t  v e c t o r  i s  n e v e r  l e s s  th a n ,  
and may be much g r e a t e r  t h a n , t h e  second  e ig e n v a lu e ,
such t h a t  A  2 ^  >  3 .............A n
( X ^ , i s  t h e  f i r s t  e ig e n v a lu e )  
th en  th e  t o t a l  v a r i a n c e  may be e x p re s s e d  i n  a  s m a l l  number o f
e ig e n v a lu e s .
The e i g e n v e c t o r s  t h e r e f o r e  d e s c r i b e  t h e  r e l a t i o n s h i p s  
between c a s e s  w i t h  economy and a  l a r g e  p r o p o r t i o n  o f  t h e  sam ple 
d i s p e r s i o n s  may be a c c o u n te d  f o r  by n d im e n s io n s .  A lso  s i n c e  
i s  t h e  l a r g e s t  o f  th e  r o o t s  i t  a b s o r b s  a  l a r g e , p o t e n t i a l l y  
v e ry  l a r g e , p e r c e n t a g e  o f  t h e  t o t a l  v a r i a n c e .  I t  i s  t h e r e f o r e  p o s s i b l e  
t h a t  o n ly  a  few v e c t o r s  a r e  needed  t o  sum m arise  m ost o f  th e  
v a r i a b i l i t y  o f  t h e  o r i g i n a l  v a r i â t e s .  The o b j e c t  o f  th e  a n a l y s i s  
i s  a  '*p a r s im o n io u s  s u m m a r iz a t io n  o f  a  mass o f  o b s e r v a t i o n s ” ,
( S e a l ,  1 9 6 4 ) ,  P r i n c i p a l  com ponents  a n a l y s i s  i s  a  method f o r
re d u c in g  p c o r r e l a t e d  m easu rem en t v a r i a b l e s  t o  a  s m a l l e r  s e t  o f
s t a t i s t i c a l l y  i n d e p e n d e n t  l i n e a r  c o m b in a t io n s  h a v in g  c e r t a i n  
unique p r o p e r t i e s  w i th  r e g a r d  t o  c h a r a c t e r i s i n g  i n d i v i d u a l  d i f f e r e n c e s  
(O v e ra l l  & K l e t t ,  1 9 7 2 ) .
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S n e a th  & Soka l  (1973 )  s t a t e  t h a t  th e  v e c t o r s  g iv e  t h e  
d i r e c t i o n s  o f  a  s e t  o f  K o r th o g o n a l  a x e s  i n  p d im e n s io n a l  s p a c e .
The c o o r d i n a t e s  o f  t h e s e  ax e s  a r e  l i n e a r  c o m b in a t io n s  o f  t h e  
o r i g i n a l  v a r i â t e s  and sum m arise  t h e  m a jo r  d im e n s io n s  o f  v a r i a t i o n .  
Thus th e  f i r s t  a x i s  i s  i n c l i n e d  a lo n g  th e  d i r e c t i o n  o f  maximum 
v a r i a b i l i t y  among th e  p d im e n s io n a l  o b s e r v a t i o n s .  The second  i s  
then  i n c l i n e d  a t  r i g h t  a n g le  to  t h e  f i r s t  and i n  t h e  d i r e c t i o n  
of n e x t  g r e a t e s t  v a r i a b i l i t y  and so  on . I f  f o r  s i m p l i c i t y  we a r e  
d e a l in g  w i t h  t h r e e  d im e n s io n s  o n ly  t h e n  a p l o t  o f  each  c a s e  may 
produce a c l u s t e r  o f  p o i n t s  i n  t h e  sh ap e  o f  a ru g b y  b a l l .  The 
p r i n c i p l e  a x i s  w i l l  be a l i g n e d  a lo n g  th e  lo n g  a x i s  o f  t h e  b a l l  
and w i l l  a c c o u n t  f o r  t h e  l a r g e s t  p e r c e n ta g e  o f  t h e  t o t a l  v a r i a n c e .
The o t h e r  two a x e s  w i l l  be a t  r i g h t  a n g le s  to  t h e  f i r s t  a x i s ,  
be s h o r t e r  and t h e r e f o r e  a c c o u n t  f o r  s m a l l e r  p e r c e n ta g e s  o f  th e  
d i s p e r s i o n ,  PCA i s  a b l e  t o  e x te n d  t h i s  c o n c e p t  i n t o  n d im e n s io n s  
where t h e  c a s e s  fo rm  a h y p e rd im e n s io n a l  c lo u d .  The f i r s t  p r i n c i p a l  
component i s  t h e  n o r m a l i s e d  l i n e a r  c o m b in a t io n  ( i , e  t h e  sums o f  
sq u a re s  o f  c o e f f i c i e n t s  b e in g  u n i t y )  w i th  maximum v a r i a n c e , a n d  
so on.
The a c c o u n t  o f  Biomed program  BMO OlM P r i n c i p a l  Component 
A n a ly s is  ( s e e  s e c t i o n  4 E ,5 )  i s  sum m arised from  Dixon (1 9 7 3 ) .  I t  
i s  n o ted  ( T i l l  & C o l l e y , 1973 ; T em ple ,1975 )  t h a t  t h i s  p r i n c i p a l  
component a n a l y s i s  i s  p e rfo rm e d  on th e  c o r r e l a t i o n  m a t r i x , s o  a s  
to  remove t h e  e f f e c t s  o f  d i f f e r e n t  a b s o l u t e  s i z e s  o f  t h e  o r i g i n a l  
v a r i â t e s  and i s  e q u i v a l e n t  t o  u s in g  s t a n d a r d i s e d  d a t a .  T h is  i n  
o rd e r  t h a t  s m a l l  v a r i â t e s  may c o n t r i b u t e  e q u a l l y  w i th  l a r g e  v a r i â t e s  
to  th e  t o t a l  v a r i a n c e s  a t t r i b u t a b l e  t o  each  e ig e n v a lu e .
I t  c a n , t h e r e f o r e , b e  a p p r e c i a t e d  t h a t  t h i s  method i s  f a r  s u p e r i o r  
to  b i v a r i a t e  p l o t s  a s  two v e c t o r s  may d e p i c t  t h e  s im u l ta n e o u s  
v a r i a t i o n  i n  s e v e r a l  c h a r a c t e r s .  F u r th e r m o r e , t h e  m u tu a l  o r t h o g o n a l i t y
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of th e  e i g e n v e c t o r s  a l lo w s  c o n c lu s io n s  to  be drawn a b o u t  th e  
independence  o f  v a r i a t i o n  r e p r e s e n t e d  by t h e s e  e ig e n v e c t o r s  ’
(T em ple ,1 9 7 5 ) ,
I t  i s  n o te d  t h a t  i n  t h i s  w o rk ,a s  shown i n  t h e  m a jo r  t e x t s  
( e . g .  S e a l , 1 9 6 4 ; B l a c k i t h  & R eym ent,1971) t h e  f i r s t  e ig e n v e c to r  
w i l l  g e n e r a l l y  o n ly  h av e  p o s i t i v e  components and be a n  i n d i c a t o r  
of  g e n e r a l  s i z e .  I t  i s  t h e r e f o r e  o f t e n  t h e  second  and t h i r d  
v e c t o r s  w hich  r e v e a l  v a r i a t i o n s  w i t h i n  th e  sam ple  w hich  a r e  
in d e p e n d e n t  o f  s i z e .  T h a t  i s , o v e r a l l  d i f f e r e n c e s  betw een  g roups  
n o t  r e l a t e d  t o  g row th  d i f f e r e n c e s  o r  d i f f e r e n c e s  i n  s i z e  betw een 
th e  g ro u p s ,
A g e n e r a l  r u l e  o f  thumb f o r  t h e  a n a l y s i s  o f  PCA i s  to  o n ly  
c o n s id e r  t h o s e  e i g e n v e c t o r s  w i t h  r o o t s  l a r g e r  th a n  1 a s  c o n t r i b u t i n g  
s i g n i f i c a n t l y  to  t o t a l  v a r i a t i o n .  S n e a th  & S oka l  (1973 )  recommend 
t h a t  i t  i s  c u s to m a ry  to  e x t r a c t  o n ly  enough e i g e n v e c t o r s  to  
remove th e  m a j o r i t y , s a y  75 p e r  c e n t , o f  t h e  t o t a l  v a r i a n c e  o f  t h e  d a t a  
m a t r ix .  W ith in  each  v e c t o r  i t  may be n e c e s s a r y  t o  o n ly  c o n s id e r  
th o se  o r i g i n a l  v a r i â t e s  w hich  h a v e  a h ig h  a b s o l u t e  v a l u e , s a y  0 ,7  
o f  th e  h i g h e s t  w e ig h te d  v a r i a t e , a s  c o n t r i b u t i n g  s i g n i f i c a n t l y  
to  t h a t  v e c t o r .
T h is  a u t h o r  h a s  u se d  th e  method recommended by S e a l  (1 9 6 4 )  
and based  t h e  PCA on v a r i â t e s  m easu red  on th e  same s c a l e .  Fo r  t h i s  
r e a s o n  c o u n ts  o f  t h e  number o f  p o re  p a i r s  i n  each  h a l f  ambulacrum 
of each  p e t a l , v a r i a t e  P , s h o u l d  n o t  be u se d  i n  c o n ju n c t io n  w i th  
the  o th e r , c o n t i n u o u s ,m e a s u r e m e n t s ,
S e a l  (1 9 6 4 )  g i v e s  a  d e t a i l e d  m a th e m a t ic a l  t r e a t m e n t  o f  PCA, 
B la c k i th  & Reyment (1 9 7 1 )  g i v e  exam ples  o f  t h e  b i o l o g i c a l  and 
p a l a e o n t o l o g i c a l  a p p l i c a t i o n s  o f  t h e  t e c h n iq u e ,  and S n e a th  & Sokal 
(1973) show i t s  u s e s  w i t h i n  n u m e r ic a l  taxonomy.
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D is c r i m i n a n t  F u n c t io n  A n a ly s i s  
D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s , a s  d e s c r i b e d  by B l a c k i t h  & 
Reyment ( 1 9 7 1 ) , c an  be c o n s id e r e d  i n  te rm s  o f  h y p e rd im e n s io n a l  
c l u s t e r s  o f  c a s e s  r e p r e s e n t i n g  known g r o u p s .  I n  t h e  p r e s e n t  
work th e  c a s e s  a r e  r e p r e s e n t e d  by f o s s i l  spec im ens  upon w hich 
K m easurem ents  h av e  been  made. The g r o u p s , t h e r e f o r e , a r e  r e p r e s e n t e d  
by th e  sp ec im en s  c o l l e c t e d  a t  known s t r a t i g r a p h i e  h o r i z o n s , a t  
p a r t i c u l a r  g e o g r a p h ic  l o c a l i t i e s , r e f e r r e d  to  by th e  l o c a l i t y  
name. Thus t h e  C o t h i l l  g ro u p  i s  s im p ly  a h y p e rd im e n s io n a l  c lo u d  
of p o i n t s  c o n s t r u c t e d  th ro u g h  m easurem ent o f  a l l  f i f t e e n  d im e n s io n s  
on each s p e c im e n  o f  N . s c u t a t u s  c o l l e c t e d  a t  t h a t  l o c a l i t y .
T h e re fo re  w i t h  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s , i n  c o n t r a s t  t o  PCA, 
a s t r u c t u r e  i s  imposed on  th e  d a t a  m a t r i c e s  a s  g ro u p s  a r e  d e f in e d  
th rough  r e f e r e n c e  t o  t h e i r  g e o g r a p h ic  l o c a t i o n .
I n  t h e  c a s e  o f  two c l u s t e r s  w hich  a r e  r e a s o n a b ly  w e l l  
d e f in e d  from  t h e  sam p les  drawn from  th em ,a  l i n e a r  d i s c r i m i n a n t  
f u n c t i o n  i s  c o n s t r u c t e d  on t h e  b a s i s  o f  t h e  K v a r i a b l e s  and th e  
two sam ples  o f  s i z e s  and N^, On t h e  g ro u n d s  o f  m easurem ents  
on th e  same K v a r i a b l e s  on a  new ly  fou n d  i n d i v i d u a l , t h i s  new 
specim en can  be a s s i g n e d  t o  one o f  t h e  c l u s t e r s  w i th  th e  l e a s t  
chance o f  m aking a m i s t a k e .  As p o in te d  o u t  by B l a c k i t h  & Reyment 
(1971 :46 )  t h i s  new s p e c i m e n , i n  a  p a l a e o n t o l o g i c a l  c o n te x t ,m a y  n o t  
be long  to  e i t h e r  c l u s t e r  i n  r e a l i t y  b u t  may be c l o s e  r a o r p h o m e t r ic a l ly  
to  e i t h e r .  T h is  i s  a n  im p o r ta n t  p o i n t  t o  c o n s i d e r  i n  i d e n t i f y i n g  
r e l a t i o n s h i p s  be tw een  i n d i v i d u a l  s p e c im e n s .
The l i n e a r  d i s c r i m i n a n t  f u n c t i o n  be tw een  two sam ples  
may be d e f i n e d  a s
Y = ( ) ’■ X.
^ h e re  x^ and  a r e  t h e  mean v e c t o r s  f o r  t h e  r e s p e c t i v e  sa m p le s .
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A mean v e c t o r  i s  th e  c e n t r e  o f  th e  c l u s t e r  o f  p o i n t s  i n  K
d im e n s io n a l  C a r t e s i a n  s p a c e , i . e .  t h e  e s t i m a t e d  c e n t r e  o f  t h e '
-1
d a ta  u n i v e r s e .  3 i s  t h e  r e c i p r o c a l  o f  th e  p oo led  sam ple  d i s p e r s i o n  
m a t r ix  and X i s  a  v e c t o r  o f  v a r i a b l e s .
The c o e f f i c i e n t s  o f  t h e  d i s c r i m i n a n t  f u n c t i o n s  a r e  d e f in e d
as
a  = S ^ -  %2 )
where a i s  t h e  v e c t o r  o f  c o e f f i c i e n t s .
The l o g i c a l  e x t e n s i o n  o f  t h e  c a s e  o f  two g ro u p s  i s  t h e  
c o n c ep t  o f  l i n e a r  d i s c r i m i n a n t  f u n c t i o n s  be tw een  many g ro u p s .
Thus g d i s c r i m i n a n t  f u n c t i o n s  a r e  c o n s t r u c t e d  betw een each  o f  g 
groups ( B l a c k i t h  & R eym en t.1 9 7 1 : 4 9 ) ,
A d i f f i c u l t  p rob lem  t o  o v e rc o m e ,h o w e v e r , i s  t h e  f a c t  t h a t  
a l l  th e  u s u a l  m ethods o f  d i s c r i m i n a n t  a n a l y s i s  assum e t h a t  th e  
d i s p e r s i o n  m a t r i c e s  o f  t h e  g ro u p s  a r e  h o m o g e n e o u s , i . e .  t h e  c l u s t e r s  
a r e  o f  much t h e  same s i z e , s h a p e , a n d  h av e  m u l t i v a r i a t e  normal 
d i s t r i b u t i o n s  ( S n e a th  & S o k a l , 1 9 7 3 :4 0 4 ) .
C a n o n ic a l  V a r i â t e s  
The r e l a t i o n s h i p  be tw een  t h e  g ro u p s  and th e  v a r i â t e s  
w i t h in  t h e  g ro u p s  c an  be r e p r e s e n t e d  th ro u g h  c a n o n ic a l  v a r i â t e s  “
a n a l y s i s .  C a n o n ic a l  v a r i â t e s  c an  be u sed  to  c o n s t r u c t  g e n e r a l i z e d  
d i s t a n c e  c h a r t s  ( B l a c k i t h  & R eym en t,1 9 7 1 :8 8 )  i n  w hich  th e  u n d e r l y i n g  
axes o f  v a r i a t i o n  a r e  f i r s t  c o n s t r u c t e d  and th e n  used  to  p l o t  th e  
p o s i t i o n s  o f  t h e  v a r i o u s  g r o u p s .  Now a s  each  o f  t h e  g g roups  w i l l  
form a swarm o f  p o i n t s  i n  k -  v a r i a t e  s p a c e  t h e  c a l c u l a t i o n  f o r  
c a n o n ic a l  v a r i â t e s  i s  s i m i l a r  t o  t h a t  f o r  p r i n c i p a l  components 
w ith  t r a n s fo r m e d  a x e s  b e in g  p ro d u ce d .  The f i r s t  a x i s  i s  i n c l i n e d  
in  th e  d i r e c t i o n  o f  g r e a t e s t  v a r i a b i l i t y  be tw een  th e  means o f  th e  
S g ro u p s .  The second  i s  p e r p e n d i c u l a r  t o  th e  f i r s t  and i n c l i n e d
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in  th e  d i r e c t i o n  o f  n e x t  g r e a t e s t  v a r i a b i l i t y , a n d  so  on f o r  
su b seq u e n t  a x e s .  I n  PCA th e  v e c t o r s  a r e  o r th o g o n a l  b u t  w i th  
c a n o n ic a l  v a r i â t e s  t h i s  i s  g e n e r a l l y  n o t  th e  c a s e .  However th e  
c a n o n ic a l  v a r i â t e s  a r e  a l s o  l i n e a r  c o n b in a t io n s  o f  o r i g i n a l  v a r i a b l e s  
in  each o f  t h e  s e t s  t h a t  have  maximum c o r r e l a t i o n , b u t  each  l i n e a r  
co m b in a tio n  i s  u n c o r r e l a t e d  w i th  o t h e r  l i n e a r  c o m b in a t io n s .
C anon ica l  v a r i â t e s  a r e  t h e r e f o r e  a b l e  to  a n a ly s e  th e  c o r r e l a t i o n  
between th e  v a r i a b l e s  o f  one s e t  w i th  th o s e  o f  o t h e r  s e t s ,
(A n d e rso n ,1 9 5 8 ) .
C a n o n ic a l  v a r i â t e s  a r e  found  from  th e  v e c t o r s  and e ig e n v a lu e s  
( o r  r o o t s )  o f  t h e  d e t e r m i n a n t a l  e q u a t i o n
/B -  zW /  = 0
where z r e p r e s e n t s  t h e  e ig e n v a lu e s ,B  i s  t h e  'among m a t r ix  o f  sums 
o f  s q u a re s  and c r o s s  p r o d u c t s '  m a t r i x  and W t h e  ' w i t h i n  sums o f  
sq u a res  and c r o s s  p r o d u c t* m a t r ix  ( B l a c k i t h  & R eym en t,1 9 7 1 :8 9 ) .
I t  i s  n o te d  t h a t  i f  t h e r e  a r e  more v a r i â t e s  t h a n  g r o u p s , i . e .  i f  
k >  g -  l , t h e n  t h e r e  w i l l  o n ly  be g -  1 n o n - z e r o  r o o t s .  T h is  can  
be shown i n  t h e  f o l l o w i n g  m anner .  I f  two g roups  a r e  u se d  th e n  t h e i r  
two mean v e c t o r s  can  be j o in e d  by a  s i n g l e  l i n e .  With t h r e e  g roups  
the  mean v e c t o r s  can  be p r o j e c t e d  o n to  a p l a n e , i , e ,  i n  two 
d im e n s io n s ,a n d  so  on .
The v e c t o r s  c o r r e s p o n d in g  t o  t h e  e ig e n v a lu e s  z ; a r e  found
from
'  (B -  zW)t = 0
and a r e  t h e  K -  component v e c t o r s , t .
Progam 3MD 07M i s  a S te p w is e  d i c r i m i n a n t  f u n c t i o n  a n a l y s i s  
and i s  e s s e n t i a l l y  a  two p a r t  m u l t i v a r i a t e  a n a l y s i s  programme 
(M ares,1 9 7 6 ) .  F i r s t , s a m p l e  g ro u p s  a r e  a s s i g n e d  on th e  s t r e n g t h
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of t h e i r  g e o g ra p h ic  a n d /o r  s t r a t i g r a p h i e  h o r i z o n  and v a r i â t e s  w hich 
maximise t h e  betwee/i g ro u p  v a r i a n c e s  a r e  added s i n g l y  w h i l e  w i th  i n ­
group v a r i a n c e s  a r e  m in im is e d .  T h e r e f o r e  th e  v a r i a t e  w hich  
d i s c r i m i n a t e s  m ost h i g h l y  betw een th e  g roups  i s  u se d  f i r s t  to  
c o n s t r u c t  a d i s c r i m i n a n t  f u n c t i o n  and th e n  th e  second b e s t  v a r i a t e  
i s  a d d e d ,a n d  so  on . V a r i â t e s  w hich do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  
to  a d i s c r i m i n a t i o n  o f  t h e  g ro u p s  a r e  o m i t te d  from  c o n s i d e r a t i o n .
S e c o n d ,a  c a n o n ic a l  v a r i a t e  a n a l y s i s  i s  p e rfo rm ed  and g roup
means a r e  p l o t t e d  on c a n o n ic a l  a x e s .  The s q u a r e  o f  th e  M ahalanob is  
2
d i s t a n c e  (D ) o f  each  c a s e  from  i t s  g ro u p  mean i s  a l s o  computed 
and th e  p r o b a b i l i t i e s  o f  t h e  i n c l u s i o n  o f  a c a s e  i n t o  a p a r t i c u l a r  
group a r e  l i s t e d .  On t h i s  b a s i s  newly found  i n d i v i d u a l s  can  be 
a s s ig n e d  t o  t h e  g ro u p  th e y  m ost r e s e m b le .
The a c c o u n t  o f  Biomed program  BMO 07M S te p w is e  D i s c r im in a n t  
A n a ly s is  ( s e e  s e c t i o n  4 £ , 6 )  i s  t a k e n  from  Dixon ( 1 9 7 3 ) .
2
Sneath  & S o k a l  (1 9 7 3 )  n o t e  t h a t  d i s c r i m i n a n t  f u n c t i o n s  and D. 
a r e  l e s s  s e n s i t i v e  t o  g e n e r a l  s i z e  f a c t o r s  t h a n  taxonom ic  d i s t a n c e .  
T h e r e f o r e , d e s p i t e  t h e  u s e  o f  a b s o l u t e  m easu rem en ts  f o r  th e  
d i s c r i m i n a t i n g  p r o c e d u r e , t h e  m o rp h o lo g ic a l  sh a p e  o f  i n d i v i d u a l s  
i s  more im p o r t a n t  f o r  s e p a r a t i n g  g ro u p s  t h a n  o v e ra l l ,  s i z e .  F u r th e rm o re ,  
th e y  p o i n t  o u t  t h a t  d i s c r i m i n a n t  f u n c t i o n s  h av e  m ost v a lu e  f o r  
v e ry  c l o s e  c l u s t e r s  t h a t  p a r t l y  o v e r l a p .  T h is  h a s  c e r t a i n l y  been  
found to  be t h e  c a s e  i n  t h e  p r e s e n t  work,
.  C l u s t e r  A n a ly s i s
C l u s t e r  A n a l y s i s , a s  t h e  name i m p l i e s , i s  th e  g ro u p in g  o f  V 
c a se s  i n  m u l t i v a r i a t e  s p a c e  i n t o  d i s j o i n t  s e t s .  As B l a c k i t h  
& Reyment (1 9 7 1 )  e x p l a i n , i n d i v i d u a l s  o r  g ro u p s  w hich  a r e  more 
c l o s e l y  r e l a t e d  m o r p h o l o g ic a l l y  a r e  b ro u g h t  t o g e t h e r  i n t o  a  c l u s t e r
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which i s  t h e n  c o n s id e r e d  to  be d i f f e r e n t i a t e d  from  o t h e r  a s s o c i a t i o n s  
fo rm ing  s e p a r a t e  c l u s t e r s .  T h is  t e c h n iq u e  can  t h e r e f o r e  be used  to  . 
t r y  to  d e te r m in e  s u b - g r o u p s ,w i th  s p e c i f i c  c h a r a c t e r i s t i c s , w i t h i n  
an o r i g i n a l  s a m p le ,o r  t o  t e s t  th e  m u tua l  e x c lu s iv e n e s s  o f  two 
o r  more s a m p le s .  I t  c an  be u sed  when no a p r i o r i  g ro u p in g s  w i t h i n  
a sample a r e  r e a d i l y  o b s e r v a b l e  o r  a l t e r n a t i v e l y  to  t e s t  t h e  
s e p a r a t i o n  o f  p r e d e te rm in e d  g r o u p in g s .  Thus C l u s t e r  A n a ly s i s  can  
be used  to  complement e i t h e r  PCA o r  c a n o n ic a l  v a r i â t e s .
B ro a d ly  s p e a k in g  c l u s t e r i n g  t e c h n iq u e s  may i n v o lv e  t h e  g ro u p in g  
of  c a s e s  i n t o  l a r g e r  s e t s  from  s m a l l e r  g r o u p in g  o r  i t  may in v o lv e  
the  b reakup  o f  a c o m p le te  sam ple  i n t o  i n c r e a s i n g l y  s m a l l e r  s e t s .
These two m ethods a r e  known a s  a g g lo m e r a t iv e  and d i v i s i v e  methods 
r e s p e c t i v e l y .
T h e re  a r e  i n  f a c t  many c l u s t e r i n g  m ethods a v a i l a b l e  u s in g  
e i t h e r  a g g lo m e r a t iv e  o r  d i v i s i v e  p ro c e d u re s ,s o m e  o f  w hich  a r e  a b l e  
to  u s e  d i f f e r e n t  ty p e s  o f  d a t a .  Many a u t h o r s  d i f f e r  i n  t h e i r  
recom m endations  o f  t h e  m ost s u i t a b l e  m ethods a v a i l a b l e , i n d e e d  
th e  two m ain  t e x t s  i n  t h i s  f i e l d , B l a c k i t h  & Reyment (1971 )  and 
Sneath  & S o k a l  ( 1 9 7 3 ) , a d v i s e  t h e  u s e  o f  c o m p le te ly  d i f f e r e n t  
types  o f  c l u s t e r i n g  p r o c e d u r e s ,  B l a c k i t h  & Reyment recommend 
d i v i s i v e  t e c h n i q u e s  e . g .  t h e  method o f  Edwards & C a v a l l i - S f o r z a  ( 1 9 6 5 ) ,  
H ow ever ,they  a d m it  t h a t  com puting  t im e  may be p r o h i b i t i v e  a s  t h e s e  
methods i n v o lv e  t h e  e x a m in a t io n  o f  s i m i l a r i t i e s  be tw een  2^ ^ -1  
p o s s ib l e  s p l i t s  be tw een  n c a s e s  s im p ly  f o r  t h e  i n i t i a l  c l u s t e r i n g  
i n to  2 s e t s .  They a l s o  p o i n t  o u t  ( B l a c k i t h  & R eym en t,1 9 71 :285 )  
t h a t  c l u s t e r i n g  by means o f  o r d i n a t i o n  on c h a r t s  whose a x e s  a r e  
v e c to r s  (PCA and c a n o n ic a l  v a r i â t e s )  v i r t u a l l y  m ee ts  a l l  t h e  
r e q u i r e m e n ts  o f  a  d i v i s i v e  te c h n iq u e .  , S n e a th  & Sokal i n  c o n t r a s t  
recommend th e  u s e  o f  a g g lo m e r a t iv e  t e c h n iq u e s  based  on m a t r i c e s
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of s i m i l a r i t y  c o e f f i c i e n t s  be tw een c a s e s  o r  be tw een  s e t s  o f  c a s e s .  
S t a r t i n g  w i t h  a s e t  o f  n s e p a r a t e  e n t i t i e s  a g g lo m e r a t iv e  t e c h n iq u e s  . 
group t h e s e  i n t o  s u c c e s s i v e l y  few e r  th a n  n s e t s  a r r i v i n g  
e v e n t u a l l y  a t  a  s i n g l e  s e t  c o n t a i n i n g  a l l  n c a s e s ,  ,
W ith in  t h e s e  t e c h n i q u e s , d i f f e r e n t  ty p e s  o f  d a t a  may be 
employed. I n  g e n e r a l  p r e s e n c e / a b s e n c e  d a t a  a n d / o r  q u a n t i t a t i v e  
m easurem ents o f  m orphology  can  be u se d  to  c h a r a c t e r i s e  c a s e s .  These  
d a ta  can  t h e n  be u sed  i n  a w e ig h te d  o r  u n w e ig h ted  s t a t e  i . e .  d i f f e r e n t  
v a r i â t e s  c a n  be w e ig h te d  i f  th e y  a r e  c o n s id e r e d  more im p o r ta n t  
than  o t h e r  v a r i â t e s  i n  t h e  c l u s t e r i n g  p r o c e d u r e .  Unw eighted m ethods 
a r e  e q u a l l y  w e ig h te d  p r o c e d u r e s .
Program  H ig ro u p ,em p lo y ed  i n  t h e  p r e s e n t  w o rk ,h a s  been 
a d ap ted  by th e  Com puter T e rm in a l  S t a f f  a t  B edford  C o l le g e ,L o n d o n  
from D av is  (1 9 7 3 )  and a dendrogram  c o n s t r u c t i n g  s u b r o u t i n e  added ,
( s e e  s e c t i o n  4 £  4 ) .
I t  i s  a  SAHN t e c h n iq u e  a s  d e f i n e d  by S n e a th  & S o k a l  ( 1 9 7 3 :2 1 4 ) ,
i . e .  a  s e q u e n t i a l , a g g l o m e r a t i v e , h i e r a r c h i c , n o n - o v e r l a p p i n g  c l u s t e r i n g  
method u s in g  u n w e ig h te d  d a t a .  I t  i s  s e q u e n t i a l  a s  a t  each  c l u s t e r i n g  
s t a g e  t h e  s i m i l a r i t y  be tw een  each  p a i r  o f  i n d i v i d u a l s  o r  c l u s t e r s  
i s  t e s t e d  i n  a  r e c u r s i v e  se q u e n c e  o f  o p e r a t i o n s .  I t  i s  h i e r a r c h i c  
as each s m a l l e r  s e t  c a n  o n ly  be combined i n  f u l l  w i th  a n o th e r  
s e t  a s  t h e  c l u s t e r i n g  p r o c e d u r e  a d v a n c e s .  F o r  exam p le ,no  i n d i v i d u a l  
can be l i n k e d  w i th  a n o t h e r  I n d i v i d u a l  a t  one s t a g e  and th e n  
s e p a r a te d  f ro m  i t  a t  a  l a t e r  s t a g e .  I n  t h i s  way a d i s c r e t e  h i e r a r c h y  
of c l u s t e r s  i s  b u i l t  u p .  I t  i s  n o n - o v e r l a p p in g  a s  any  one i n d i v i d u a l -  
o r  g roup  o f  i n d i v i d u a l s  may o n ly  b e lo n g  t o  one s e t  a t  a p a r t i c u l â r  
s ta g e  i n  t h e  c l u s t e r i n g  p r o c e d u r e .
T h is  s im p le  ty p e  o f  h i e r a r c h i c a l , n o n - o v e r l a p p i n g  p ro c e d u re  
g iv es  t h e  f a m i l i a r  n e s t e d  c l a s s i f i c a t i o n  o f t e n  r e p r e s e n t e d  by
i l  4
dendrograms found  i n  many m u l t i v a r i a t e  m o rphom etr ic  s t u d i e s  
( e . g .  N a r e s , 1 9 7 6 :5 0 ) .  H o w e v er , in  t h e  p r e s e n t  s tu d y  i t  i s  found 
t h a t  t h i s  ty p e  o f  c l u s t e r  a n a l y s i s  r a r e l y  p ro v id e d  i n f o r m a t io n  
on d i f f e r e n c e s  w i t h i n  o r  be tw een  g roups  n o t  p ro v id e d  by PCA, 
d i s c r i m i n a n t  f u n c t i o n s  o r  c a n o n ic a l  v a r i â t e s .  I t  i s  u sed  m a in ly  
as a ' c h e c k i n g ' r o u t i n e .
4E) Computer p rogram s
1 .  I n t r o d u c t i o n
I n  t h e  f o l l o w i n g  d e s c r i p t i o n s  o f  c o m p u ta t io n a l  p ro c e d u re s  
normal s t a t i s t i c a l / c o m p u t e r  l a n g u a g e  h as  been u s e d .  Each sam ple 
from a p a r t i c u l a r  l o c a l i t y , s t r a t i g r a p h i e  h o r i z o n  o r  museum 
c o l l e c t i o n  i s  r e f e r r e d  to  a s  a  g r o u p ' .  Each g ro u p  i s  composed 
o f  a s e r i e s  o f  i n d i v i d u a l  f o s s i l  spec im ens  r e f e r r e d  to  a s  'c a s e s *  
and a s e r i e s  o f  m e a s u r e m e n t s , ' v a r i a b l e s ' , t a k e n  on each  c a s e .
T h e re fo re  i n  a l l  p rogram s t h e  number o f  c a se s ,n u m b e r  o f  v a r i a b l e s  
and th e  a c t u a l  m easu rem en t o f  each  v a r i a b l e  on  each  c a s e  i s  
needed f o r  t h e  a n a l y s i s .
I n  a d d i t i o n  t o  t h i s  i n f o r m a t i o n , t h e  number o f  g roups
used i n  t h e  a n a l y s i s  and th e  number o f  c a s e s  i n  each g ro u p  i s
needed t o  p e rfo rm  t h e  S te p w is e  D i s c r i m i n a n t  A n a l y s i s .  Program
T e s t  u s e s  o n ly  t h e  o u t p u t  from  program RMA, The d e s c r i p t i o n s  o f  Biomed
, com puter program  BMD 01M(a p r i n c i p a l  component a n a l y s i s ) a n d  program
'BMD 07M ( a  d i s c r i m i n a n t  f u n c t i o n s  and c a n o n ic a l  v a r i â t e s  a n a l y s i s )  
a r e  t a k e n  from  Dixon (1 9 7 3 ) ,
2 .  Program  RMA
Program  RMA was w r i t t e n  by me to  p ro d u ce  r e d u c e d  m ajo r  
axes f o r  e v e ry  p a i r  o f  v a r i â t e s  w i t h i n  a  d a t a  m a t r ix  c h a r a c t e r i s i n g  
a s i n g l e  g ro u p  ( s e e  d a t a  * f o r  program  l i s t i n g ) .
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S e t s  o f  sample  s t a t i s t i c s  a r e  f i r s t  p roduced  and th e n  
each r e d u c e d  m a j o r  a x i s  i s  c a l c u l a t e d  t h ro u g h  t h e  c o n v e r s i o n  o f  
d a ta  to  l o g a r i t h m s .  T h i s  a l l o w s  t h e  c a l c u l a t i o n  o f  t h e  a l l o m e t r i c  
growth c u r v e  from t h e  f o rm u la  f o r  a s t r a i g h t  l i n e  ( i . e .  where  
y  = bx^ E l o g  b + a l o g  x ) .  F o r  a s t r a i g h t  l i n e  o f  t h e  form 
y  =  b  + ax
sa = y 
"x
arf = a  / l  -  r ^  
N
b = y -  xa ,
is
where a = growth ratio  (slope o f  the line) 
b = in i t i a l  growth index
cT^  = standard error of a
X = mean of x
y = mean of y
s = standard deviation of x
X
Sy. = s t a n d a r d  d e v i a t i o n  o f  y  
r  = c o r r e l a t i o n  c o e f f i c i e n t  
( from I m b r i e , 1 9 5 6 ) ,
For  each  p a i r  o f  v a r i â t e s  t h e  program checks  f o r  m i s s i n g  
d a t a  f rom damaged spec im ens  i . e .  t h a t  f o r  e v e r y  c a s e  bo th  v a r i â t e s  
bave been m easu red  and t h e n  t h e  above  s t a t i s t i c s  a r e  d e r i v e d ,  
S t a t i s t i c s  a , b  and t h e  e r r o r  o f  a  a r e  c a l c u l a t e d  from t h e  fo rm u la  
f o r  a s t r a i g h t  l i n e  and t h e  r e s u l t s  p r i n t e d  and a l s o  punched o n t o  t 
c a rd s  f o r  u s e  w i t h  Program T e s t .  A c o r r e l a t i o n  m a t r i x  i s  t h e n  
c o n s t r u c t e d  and e i g e n v e c t o r s  and e i g e n v a l u e s  d e r i v e d  f o r  c om par i son  
with t h o s e  p roduced  by P r i n c i p a l  Components  A n a l y s i s  (BMD OlM),
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3, Program T e s t  
Program T e s t  was w r i t t e n  by me t o  compare p a i r s  of  r ed u c e d  
major  a x e s  c a l c u l a t e d  by Program RMA, I t  u s e s  punch c a r d s  produced 
by t h a t  program ( s e e  d a t a ' f o r  ,program l i s t i n g ) .
The program p r i n t s  t h e  l o c a l i t y  d a t a  i n f o r m a t i o n  o f  each 
p a i r  o f  g r oups  t o  be compared .  D i f f e r e n c e s  be tw een  t h e  s l o p e s
of  each p a i r  o f  r e d u c e d  m a jo r  a x i s  i s  c a l c u l a t e d  such t h a t
z  =  ^1 ~  ^2
See 4E s e c t i o n  2 f o r  a  d e s c r i p t i o n  o f  n o t a t i o n s .
F o r  t h o s e  s l o p e s  t h a t  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h e  
s i g n i f i c a n c e  o f  t h e  d i s t a n c e  be tw een  t h e  s l o p e s  i s  t e s t e d .  At t h e  
f i r s t  s t e p  a combined e s t i m a t e  o f  t h e  t r u e  s l o p e  ( â )  ba s ea  on bo th
samples  i s  found  such  t h a t
<r <r
=1 h
a  =
\  + %
and t h e  v a r i a n c e  o f  â  i s
%  ^a  v a r  â  = 1 2
New e s t i m a t e s  o f  b (B^  ^ and B^) f o r  each  sample can  t h e n  be 
d e r i v e d .  The s i g n i f i c a n c e  o f  t h e  d i s t a n c e  be tw een  t h e  two l i n e s  
can t h e n  be c a l c u l a t e d  (Kerm ack ,1 9 5 4 ;4 0 9 )  such  t h a t
V a r ( B ^ -  B^)
. . <r . â^o-^ 2âcr  <r r ,  . 2â<r (T r ,  .
where v a r ( B , - 6 , )  = + *1 '  *1 ? !  ^ + ?2 + ' *2 '  *2 ?2 % +i  2 ' -  '■■■■      ■.-..........
" l "2
(x^ -  X 2 ) . v a r  â
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The program p r i n t s  o u t  l i s t s  o f  each  p a i r  o f  v a r i â t e s  i n  
which t h e  s l o p e s  a r e : -
a )  s i g n i f i c a n t l y  d i f f e r e n t  ( t  1%) 
h)  p r o b a b l y  s i g n i f i c a n t l y  d i f f e r e n t  (1% <  t <  5%) 
and c )  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( t p ^  5%) '
Of t h e  s l o p e s  t h a t  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  two l i s t s  
a r e  p r i n t e d  o f  s l o p e s  t h a t  a r e : -
a )  a  s i g n i f i c a n t  d i s t a n c e  a p a r t  ( t  ^ 1%) 
and b)  n o t  a  s i g n i f i c a n t  d i s t a n c e  a p a r t  ( t > - l % )
4,  Program H ig roup  
Program H ig ro u p  was w r i t t e n  by t h e  Bedford  C o l l e g e  Computer 
Terminal  s t a f f  t o  p e r fo rm  a c l u s t e r  a n a l y s i s  on m u l t i v a r i a t e  d a t a  
( s e e  ■ d a t a  . f o r  program l i s t i n g )  and i s  a  SAHN t e c h n i q u e  
u s in g  a n  u n w e igh te d  a r i t h m e t i c  p a i r - g r o u p  method o f  c l u s t e r i n g .
D a ta  a r e  f i r s t  s t a n d a r d i s e d  i n  o r d e r  t o  e q u a l i s e  t h e  
e f f e c t s  o f  d i f f e r e n c e s  i n  t h e  u n i t s  and m ag n i tu d e  o f  t h e  m easu rem en ts .  
Then s i m i l a r i t y  c o e f f i c i e n t s  a r e  c o n s t r u c t e d  from t h e  d a t a  m a t r i c e s  
o f  each  p o s s i b l e  p a i r  o f  c a s e s ,  c o e f f i c i e n t s  be ing
Z . "i
i = l
produced  by t h i s  m ethod .  The p a i r  w i t h  t h e  h i g h e s t  c o e f f i c i e n t s  
a r e  t h e n  g rouped  t o g e t h e r  and t h e i r  d a t a  m a t r i c e s  p o o l e d .  Th is  
method i s  s e q u e n t i a l l y  r e p e a t e d  g r o u p in g  i n d i v i d u a l s  i n t o  l a r g e r  
and l a r g e r  s e t s  u n t i l  one f i n a l  c l u s t e r  i s  formed c o n t a i n i n g  a l l  
c a s e s .  The program t h e r e f o r e  u s e s  a  p a i r - g r o u p  method o f  c l u s t e r i n g  
as  o n l y  one c a s e  o r  s e t  a t  a  t im e  and t h e  dendrograms w i l l  show v 
s impie  b i f u r c a t i o n s .
The o u t p u t  i n c l u d e s  a  dendrogram  o f  t h e  c l u s t e r s  produced 
by t h i s  t e c h n i q u e  b u t  i t  l i e s  w i t h  t h e  i n d i v i d u a l  w o rk e r  to  
d e c id e  a t  which  p o i n t  t h e  program s t a r t s  t o  g ro u p  t o g e t h e r  d i s p a r a t e
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s e t s .  I n  g e n e r a l , a  sudden  I n c r e a s e  i n  s i z e  o f  t h e  ' e r r o r '  p roduced 
a t  each s t a g e  o f  t h e  p r o c e d u r e  w i l l  i n d i c a t e  t h a t  u n l i k e  s e t s  
a r e  b e in g  combined .  I n  t h i s  c a s e  t h e  i m e d i a t e l y  p r o c e e d i n g  c l u s t e r s  
form a g r o u p i n g  o f  c a s e s  i n t o  r e a s o n a b l y  d i s c r e t e  s e t s  ( s e e  example,  
page 270) ,
5 .  P r i n c i p a l  Component A n a l y s i s  (BMD OlM)
T h i s  i s  a v a i l a b l e  a s  a l i b r a r y  program ( D i x o n , 1 9 7 3 ) ,
A f t e r  t h e  o r i g i n a l  d a t a  m a t r i x  i s  c e n t e r e d  and normed t h e  
e ig e n v a l u e s  and c o r r e s p o n d i n g  e i g e n v e c t o r s  o f  t h e  c o r r e l a t i o n  
m a t r i x  C a r e  f o u n d , s o l v i n g  t h e  sy s te m  
(C -  X  I )B  = 0
where A < i s  t h e  e i g e n v a l u e  and B = ( b  . )  t h e  m a t r i x  whosej kj
columns a r e  t h e  c o r r e s p o n d i n g  e i g e n v e c t o r s ,  k , j  = l , 2 , . , . p  number 
of o r i g i n a l  v a r i a b l e s .
The m a t r i x  m u l t i p l i c a t i o n  i s  t h e n  pe r fo rm ed  
z = J  n - i  WB
which t r a n s f o r m s  t h e  W d a t a  i n t o  t h e i r  o r t h o g a n a l  components .
W i s  t h e  c e n t e r e d  and normal  d a t a  m a t r i x .
The v a l u e  o f  each  p r i n c i p a l  component i s  g i v e n  f o r  each 
case  i n  a r a n k e d  o r d e r  so  t h a t  components  c a n  be p l o t t e d  on 
b i v a r i a t e  g r a p h s ,
6.  S t e p w i s e  D i s c r i m i n a n t  F u n c t i o n s  (BMD 07M)
Th i s  i s  a v a i l a b l e  as  a  l i b r a r y  program ( D i x o n , 1 9 7 3 ) ,
At  t h e  f i r s t  s t e p  o f  t h e  a n a l y s i s  t h e  F v a l u e  f o r  each
v a r i a b l e  i s  c a l c u l a t e d .  For  t h e  v a r i a b l e
( b . ,  -  a . . ) / ( g “ l )
F^ = — "U-------JJ---------------
a j j / ( n - r - g )
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where b . ^  r e p r e s e n t s  d i a g o n a l  e l e m e n t s  o f  t h e  t o t a l  c r o s s - p r o d u c t  
m a t r ix  and a^^ t h e  d i a g o n a l  e l e l m e n t s  o f  t h e  w i t h i n  g roup  
c r o s s - p r o d u c t s  m a t r i x , w i t h  g-1 and n - r - g  d e g r e e s  o f  f r e e dom ,
g = number o f  g roups  used  f o r  a n a l y s i s
/
n = t o t a l  number o f  c a s e s
r  = t h e  number o f  v a r i a b l e s  i n c l u d e d  so  f a r  i n  t h e  a n a l y s i s ,  
The v a r i a b l e  s e l e c t e d  f o r  e n t r y  i s  t h e  one w i t h  t h e  g r e a t e s t  
F v a l u e .
Now a t  each  f u r t h e r  s t e p  o f  t h e  programme t h e  F v a l u e s  
a r e  a g a i n  computed f o r  each  v a r i a b l e  and one v a r i a b l e  i s  added 
o r  removed from t h e  d i s c r i m i n a t i n g  s e t  a c c o r d i n g  t o  one o f  t h e  
f o l l o w i n g  r u l e s :  ^
a )  I f  t h e r e  a r e  one o r  more v a r i a b l e s  which have  been  
e n t e r e d  which  have  an  F v a l u e  l e s s  t h a n  t h e  o r i g i n a l l y  s p e c i f i e d  
” F l e v e l  f o r  d e l e t i o n " , t h e n  t h e  one w i t h  t h e  s m a l l e s t  F w i l l  be 
d e l e t e d .  I f  v a r i a b l e  j  h a s  been  e n t e r e d
( a . .  -  b . . ' ) / ( g - l )
Fj  = ________
b j j / ( n - r - g + l )
b)  I f  no v a r i a b l e  s a t i s f i e s  a )  t h e n  from among t h o s e  
v a r i a b l e s  w h ich  have  n o t  been  i n c l u d e d , w h i c h  p a s s  t h e  t o l e r a n c e  
t e s t , i , e ,  h a s  an  F v a l u e  g r e a t e r  t h a n  t h e  o r i g i n a l l y  s p e c i f i e d  
" T o le r a n c e  l e v e l " , o n e  i s  s e l e c t e d  w i t h  t h e  g r e a t e s t  F v a l u e ,  
p r o v id i n g  t h i s  v a l u e  i s  g r e a t e r  t h a n  t h e  o r i g i n a l l y  s p e c i f i e d  
"F l e v e l  f o r  i n c l u s i o n " .
At  each  s t e p  o f  t h e  p r o c e d u r e  t h e  v a r i a b l e s  a r e  d i v i d e d  
i n t o  2 d i s j o i n t  s e t s ;  t h o s e  i n c l u d e d  i n  t h e  d i s c r i m i n a n t  f u n c t i o n s  
and t h o s e  n o t  i n c l u d e d .
For  t h e  f i r s t  r  v a r i a b l e s  i n c l u d e d  t h e  f o l l o w i n g  s t a t i s t i c s  
a r e  computed :
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a )  The c o e f f i c i e n t s  and c o n s t a n t  t e rms  o f  t h e  c l a s s i f i c a t i o n  
f u n c t i o n s
r
c ^ l  = ( n - g )
^ 1 J  
\ o  2 k^i \ i
Where i  = 1 , 2 , . . . . r  number o f  v a r i a b l e s  i n c l u d e d .
k = 1 , 2 , , . . . g number o f  g roups  used  f o r  t h e  a n a l y s i s .
— . t h
X, . is  the mean value of the j variable in group k. kJ
a ^ j  i s  t h e  w i t h i n  g ro u p  c r o s s - p r o d u c t  m a t r i x ,
b) The s q u a r e  o f  t h e  M aha lanob is  d i s t a n c e  be tw een  each 
p a i r  o f  g r o u p s .  Th is  a l l o w s  each c a s e  to  be c l a s s i f i e d  
i n t o  t h e  g r o u p  i t  m os t  r e s e m b l e s  g i v e n  t h e  number o f  
v a r i a b l e s  used  so  f a r  i n , t h e  d i s c r i m i n a t i n g  p r o c e d u r e .
The l i k e l i h o o d  o f  a  c a s e  b e in g  i n c l u d e d  i n  i t s  c o r r e c t  
g ro u p  w i l l  i n c r e a s e  a s  more v a r i a b l e s  a r e  i n c l u d e d ,
c )  The F v a l u e s  f o r  t e s t i n g  d i f f e r e n c e s  be tween  each 
p a i r  o f  g r o u p s ,
( n - g - r + 1 )  n n,
"ml =  ---------------- —
r ( n - g ) ( n ^  + n^ )  ^
Where m and 1 a r e  p a i r s  o f  g ro u p s  t a k e n  i n  t u r n ,
D^_ i s  t h e  M a ha la nob is  d i s t a n c e  be tw een  t h eml
p a i r  o f  g r oups  c o n c e r n e d ,
.  n^ i s  t h e  number o f  c a s e s  i n  g ro u p  m and
s i m i l a r l y  f o r  g ro u p  1 ,  V
n i s  t h e  t o t a l  number o f  c a s e s ,
r  i s  t h e  number o f  v a r i a b l e s  so f a r  i n c l u d e d .
T h i s  c a l c u l a t i o n  i s  t e s t e d  w i t h  r  and n - g - r  + 1 d e g r e e s  
o f  f r e e dom .
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d)  W i l k s ’-/V t o  t e s t  t h e  e q u a l i t y  o f  g ro u p  means 
U = I W I / It I 
Where |w| i s  t h e  d e t e r m i n a n t  o f  t h e  w i t h i n  g roup  
c r o s s - p r o d u c t  m a t r i x  and If I i s  t h e  d e t e r m i n a n t  o f  t h e  
t o t a l  c r o s s - p r o d u c t  m a t r i x .
A c c o r d in g  t o  Dixon (1973 )  t h i s  s t a t i s t i c  i s  t e s t e d  w i t h  
r , g - l  and n -g  d e g r e e s  o f  f r e e dom .  O v e r a l l  & K l e t t  (1972)  compute 
the  s t a t i s t i c
X  ^ l o g g A
where  m = n - l - ^ ( p + k )
and n = t o t a l  number o f  c a s e s ,
k = number o f  g r o u p s ,
p = number o f  v a r i a b l e s  u s e d ,
2
c a n  be t e s t e d  w i t h  ( k - l ) p  d e g r e e s  o f  f r e e d o m , i . e .  w i t h  
D ixon ' s  ( g - l ) r  d e g r e e s  o f  f r e e d o m .  However t h e  s t a t i s t i c  n -g  o f  
Dixon (1973 )  i s  a lw ays  g r e a t e r  t h a n  ra o f  O v e r a l l  & K l e t t  (1972)  
and t h i s  c a n  e f f e c t  t h e  X ^  s t a t i s t i c  t o  some d e g r e e .
Rao ( 1 9 6 5 )  a d v o c a t e s  t h e  u s e  o f  a  v a r i a n c e  r a t i o  to  t e s t  
the  v a l u e  o f A  . F o r  s m a l l  v a l u e s  o f  k t h e  e x a c t  v a r i a n c e  r a t i o  
i s  g i v e n  a s  -
( 1 )  where  k = 2;  V.R,  = 1 - A  n - l - p  w i t h  p , n - l - p  d . f ,
A  P
( 2 )  where  k = 3;  V.R.  = 1 % / ^  n - l - p - 1  w i t h  2 p , 2 ( n - l - p - l )  d . f ,
v / %  P
For h i g h e r  v a l u e s  o f  k a  good a p p r o x i m a t i o n  i s  t o  u se
F = 1-A ms -  2 X
Â "T 7 s p ( k - l )
2 2 whe re  s = j  p ( k - 1 )  - 4
p^ + ( k - l ) 2  -5
A = p(k-l)  -  2
4
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with  p ( k - l )  and (ms-2 X )  d e g r e e s  o f  f r e e d o m .  A c c o rd in g  to  Rao (1975)  
t h i s  p r o v i d e s  a b e t t e r  a p p r o x i m a t i o n  t h a n  X
e)  Approx im a te  F s t a t i s t i c  to  t e s t  e q u a l i t y  o f  g roup  means
1 -
" =  J 7 Tu
2 2
where  s = ~ i f  r ^  + q^ 5^ 5
r  + q
s  = 1 i f  r ^  + q^ = 5
w i t h  ms + 1 -  r q / 2  and rq  d e g r e e s  o f  f reedom ,
w here  r a n -  r  + q + 3 and q = g -  1 ,
2
The a p p r o x i m a t e  F g i v e s  s i m i l a r  r e s u l t s  t o  t h e  t e s t  
f o r  Wilks* A  .
The F v a l u e s  f o r  each  v a r i a b l e  a r e  t h e n  c a l c u l a t e d  a g a i n  f o r  
e n t r y  o r  d e l e t i o n  a t  t h e  n e x t  s t e p .
When a l l  s t e p s  a r e  c o m p l e t e d , i . e .  a l l  v a r i a b l e s  a r e  e n t e r e d  
excep t  t h o s e  n o t  p a s s i n g  t h e  t o l e r a n c e  t e s t , t h e n  t h e  f o l l o w i n g  a r e  
computed f o r  c l a s s i f i c a t i o n  p u r p o s e s .
a )  The v a l u e  o f  t h e  c l a s s i f i c a t i o n  f u n c t i o n  e v a l u a t e d  
a t  c a s e  k o f  g r o u p  1
r
^Imk = r^aO ^  ^mj ^ k j
w here  1 = l , 2 , . . . . t  t o t a l  number o f  g r o u p s .
M — 1 * 2 , , . , . g
* k = 1 , 2 , . . . . n ^  t h e  t o t a l  number  o f  c a s e s  i n  t h e  g roups  1
c^Q i s  t h e  d i s c r i m i n a n t  c o n s t a n t  f o r  g roup  m, *
c . i s  t h e  d i s c r i m i n a n t  c o e f f i c i e n t  f o r  v a r i a b l e  i mj
o f  g r o u p  m,
b) P o s t e r i o r  p r o b a b i l i t y  o f  c a s e  k i n  g ro u p  1 h a v in g  come
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f rom g ro u p  m,
Plmk =
g
2  p. * * P ( : l i k )  
1=1 ’■
where  p^ i s  t h e  p r i o r  p r o b a b i l i t y  o f  g roup  m. The 
p r o b a b i l i t y  o f  c a s e  k b e lo n g i n g  t o  g roup  m i s  l o w e r  as  
Plmk a p p r o a c h e s  z e r o ,
c )  The s q u a r e  o f  t h e  M ahalanobis  d i s t a n c e  o f  c a s e  k i n  g roup  
m f rom  g r o u p  1 ,
Th is  v a l u e ,  , can  be used  a s  a  c h i - s q u a r e  v a r i a b l e
w i t h  r  d e g r e e s  o f  f reedom  f o r  c l a s s i f i c a t i o n  p u r p o s e s .  
T h e r e f o r e , f o r  a  p a r t i c u l a r  c a s e  t h e  p r o b a b i l i t y  o f  i t  
b e l o n g i n g  t o  each  o f  t h e  g roups  u s e d  i n  t h e  a n a l y s i s  
c a n  be t e s t e d ,
A c a n o n i c a l  v a r i a t e  a n a l y s i s  i s  t h e n  pe rfo rmed  and t h e  
e ig e n v a lu e  prob lem
Bu^ = X  ^ Wu^ i  = 1 , 2 , , p
i s  s o lv e d  t o  f i n d  t h e  c o e f f i c i e n t s , u ^ ,  o f  t h e  c a n o n i c a l  v a r i a b l e s  
and t h e  amount  o f  d i s p e r s i o n ,  X  e x p l a i n e d  by each c a n o n i c a l  
v a r i a b l e  where  B = T -  W. I n  t h i s  c a s e  W and T a r e  t h e  w i t h i n  and 
t o t a l  sum o f  p r o d u c t  m a t r i c e s  o f  t h e  p v a r i a b l e s  i n c l u d e d  a f t e r  
the  l a s t  s t e p .
The v e c t o r s  a r e  n o r m a l i s e d  so  t h a t
* f
"i "Uj = f  ij :
The c a n o n i c a l  c o r r e l a t i o n s  P i*P2 * ' ' " ' P p  r e l a t i v e  t o  t h e  
groups a r e  t h e n  computed where
Pi: = ( X . / ( I  + X ,
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For  each  c a s e  t h e  c a n o n i c a l  v a r i a b l e s , z ,  a r e  computed 
r
j = l
where m = 1 , .......... g
k = 1  .......... n t o t a l  number o f  c a s e s ,
1 = l , . . . . , z  c a n o n i c a l  v a r i a b l e s ,  
and t h e  f i r s t  two p l o t t e d  on a s c a t t e r  d i a g r a m .
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CHAPTER 5 - I N F R A S F E C I F I C  V AR IA TIO N WITHIN NUCLEOLI  TES SCUTATUS
5A) I n t r o d u c t i o n
T h e  a i m  o f  b i o m e t r i c a l  a n a l y s i s  h e r e  i s  t o  m a k e  c o m p a r i s o n s  
a n d  h e n c e  i n f e r  i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e  c o l l e c t e d  s a m p l e s  f r o m  a n  
o b j e c t i v e  a p p r a i s a l  o f  t h e i r  d e g r e e  o f  m o r p h o l o g i c a l  s i m i l a r i t y .  
D i f f e r e n c e s  b e t w e e n  s a m p l e s  o f  t h e  s a m e  s p e c i e s , a l l  o f  s i m i l a r  a g e ,  
i n d i c a t e  f a c i e s  d e p e n d e n t  c h a r a c t e r s  a n d  t h e  v a r i a t i o n  t o  b e  e x p e c t e d  
w i t h i n  a  s p e c i e s .  T h e  a n a l y s i s  i s  t h e n  e x t e n d e d  t o  s i m i l a r  s p e c i e s  
o f  d i f f e r e n t  a g e s  t o  d e t e r m i n e  w h e t h e r  t h e  s a m e  f a c i e s  d e p e n d e n t  
c h a r a c t e r s  a r e  i m p o r t a n t  i n  d i s t i n g u i s h i n g  s a m p l e s  a t  o t h e r  t i m e s .
The a n a l y s i s  i s  t h e n  f u r t h e r  e x te nde d  t o  m o r p h o l o g i c a l l y  d i s t i n c t  
s p e c i e s  o f  d i f f e r e n t  age s  and o f  d i f f e r e n t  f a c i e s  t o  d i f f e r e n t i a t e  
f a c i e s  ( e n v i r o n m e n t )  d e p e n d e n t  f rom t im e  d e p e n d e n t  v a r i a b l e s .  From 
the  b road  e v o l u t i o n a r y  p a t t e r n  d e m o n s t r a t e d  f o r  t h e  e c h i n o i d s  by 
K ie r  (1974)  t h e  t im e  d e p e n d e n t  v a r i a b l e s  a r e  e x p e c t e d  t o  show o v e r a l l  
e v o l u t i o n a r y  t r e n d s  w i t h i n  t h e  genus  which  r e f l e c t  a d a p t a t i o n s  t o  
v a r i o u s  f a c i e s  changes  t h ro u g h  t i m e .  A d a p t a t i o n  t o  a  new env i ronm en t  
and improved a d a p t a t i o n  t o  a  p a r t i c u l a r  mode o f  l i f e  a r e  two t r e n d s  which 
a r e  i n e x o r a b l y  i n t e r w o v e n , a s  t h e  a b i l i t y  t o  a d a p t  t o  d i f f e r i n g  
h a b i t a t s  i s  n e c e s s a r i l y  l i m i t e d  by p r e v i o u s  s p e c i a l i s a t i o n s  and 
m o rp h o lo g ic a l  c h a n g e s .  D e t a i l s  o f  t h e s e  t r e n d s  a r e  d i f f e r e n t i a t e d  
below ( C h a p t e r  1 0 ) .  F i n a l l y  c o m p a r i s o n  i s  made be tween  p r e v i o u s l y  
e s t a b l i s h e d  s u p r a - g e n e r i c  g r o u p in g s  t o  t e s t  t h e i r  v a l i d i t y  and t h e  
r e l a t i o n s h i p s  o f  s p e c i e s  be tween  t h e s e  g r o u p s .
N om e nc la tu re  o f  t h e  s p e c i e s  g roups  has  been  c o n f u s e d .  Tlie 
a u th o r  h a s  t h e r e f o r e  been  c a r e f u l  t o  c o n f i r m  L a m b e r t ' s  (1898 p . 168)  
d e s i g n a t i o n  o f  N . s c u t a t u s  Lamarck 1 8 1 6 , as  t h e  g e n o ty p e  o f
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Kucl e o l i t e s  L a m a r c k , ! 801,  N . s c u t a t u s  a p a r t  f rom i t s  s y s t e m a t i c  
i m p o r t a n c e , i s  a l s o  t h e  most  a b u n d a n t  and m o r p h o l o g i c a l l y  v a r i a b l e  
s p e c i e s  s t u d i e d .  I t  i s  a s p e c i e s  i d e a l  f o r  a  b i o m e t r i c a l  a n a l y s i s ;  
a s p e c i e s  d o u b l y  u s e f u l  a s  a s t a n d a r d  co m p a r i so n  w i t h  o t h e r  s p e c i e s .
F i g . 5 ,1  i s  a  summary o f  a n a l y s e s  c a r r i e d  o u t  i n  t h i s  C h a p t e r .
5B) S t r a t i g r a p h y
The two b i o m e t r i c a l l y  i m p o r t a n t  f e a t u r e s  o f  N . s c u t a t u s  
a r e  i t s  l o c a l  abundance  and i t s  v a r i a b i l i t y .  The n u m e r i c a l  p r o f u s i o n  
i n  t h e  u p p e r  O x f o r d i a n  h a s  been w e l l  known to  s t r a t i g r a p h e r s  and 
p a l a e o n t o l o g i s t s  f o r  many y e a r s , g i v i n g  r i s e  t o  l o c a l  s t r a t i g r a p h i c a l  
names such  a s  t h e  U r c h i n  M ar l s  o f  O x f o r d s h i r e  and t h e  U r c h i n  D i r t  
Beds o f  Y o r k s h i r e .  No a c c o u n t  o f  t h e  v a r i a b i l i t y  w i t h i n  t h e  s p e c i e s  
has  been  p u b l i s h e d , a f a c t  t h a t  i s  s u r p r i s i n g , a s  d i f f e r e n c e s  between  
some sam ples  a r e  marked and t a k e n  i n  i s o l a t i o n  would n o r m a l l y , o n  
many g r o u n d s , b e  c o n s i d e r e d  o f  s u f f i c i e n t  i m p o r t a n c e  t o  s p l i t  t h e  
s p e c i e s  i n t o  more t a x a .
Samples  f rom s e v e n  l o c a l i t i e s  have  been  used  i n  t h e  p r e s e n t  
s tu d y  ( s e e  F i g , 2 , 5 ) ,  A l l  b u t  two sam ples  a r e  p e r s o n a l  c o l l e c t i o n s  
made by t h e  a u t h o r .  F u r t h e r  c o l l e c t i o n s  o f  N . s c u t a t u s  were  made 
bu t  were  n o t  used  i n  t h e  a n a l y s i s  b e c a u s e  o f  a n  i n s u f f i c i e n t  number 
o f  spec im ens  o r  p a r t i c u l a r l y  poor  p r e s e r v a t i o n .
The l a r g e s t  sam ple  o f  spec im ens  o f  N . s c u t a t u s  i s  f rom t h e  
type a r e a  (W r ig h t  1 8 5 2 ,1 8 5 9 )  o f  T r o u v i l l e , C a l v a d o s , F r a n c e ,  The spec imens  
come from two h o r i z o n s , t h e  l o w e r  d a r k  g r e y  m a r l y  o o l i t e s  o f  t h e  s h o r e  
of H e n n e q u e v i l l e  ( r e f e r r e d  t o  as  T r o u v i l l e  s h o r e )  and s e c o n d l y  t h e  
o v e r l y i n g  l i g h t  g r e y  o o l i t i c  l i m e s t o n e  a t  t h e  base  o f  t h e  c l i f f  
a t  t h e  s m a l l  p ro m o n to ry  t o  t h e  w e s t  ( r e f e r r e d  to  a s  T r o u v i l l e  c l i f f ) .  
These l o c a l i t i e s  a r e  shown i n  f i g u r e  2 , 3 c ,  Samples  o f  42 specimens
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from t h e  s h o r e  h o r i z o n  and 133 from t h e  c l i f f  a r c  f rom t h e  c o l l e c t i o n  
of t h e  U n i v e r s i t é  de C a e n , k i n d l y  l e n t  by D r . M . R i o u l t ,  These  samples  
were s u pp le m e n te d  by a f u r t h e r  20 spec im ens  from t h e  s h o r e  and 7 
from t h e  c l i f f  c o l l e c t e d  by t h e  a u t h o r .
W i th in  t h e  sam ples  f rom T r o u v i l l e  a much b e t t e r  p r e s e r v a t i o n  
was s e e n  i n  t h e  spec im ens  c o l l e c t e d  from t h e  s h o r e  h o r i z o n , w h e r e  t h e  
t e s t  i s  u s u a l l y  i n t a c t  and t h e  spec im ens  a r e  r a r e l y  c ru s h e d  o r  
c r a c k e d ,w h e r e a s  i n  t h e  c l i f f  sample  t h e  t e s t  e a s i l y  b r e a k s  away 
from t h e  i n t e r n a l  mould i n  many s p e c i m e n s ,  Tliis i s  r e f l e c t e d  i n  t h e  
number o f  spec im ens  i n  which  a l l  15 m o r p h o l o g i c a l  v a r i a b l e s  co u ld  
be m ea su red .  Of t h e  42 spec im ens  from t h e  Caen c o l l e c t i o n  o f  t h e  s h o r e  
h o r i z o n  a l l  m easu rem en ts  c o u ld  be t a k e n  on 28 spec im ens  and o n l y  
one m e a s u r e m e n t , u s u a l l y  v a r i a b l e  E,was m i s s i n g  from a f u r t h e r  8.
Of 133 s pe c im ens  from t h e  c l i f f  h o r i z o n , i t  was o n l y  p o s s i b l e  t o  t a k e  
a l l  m easurements  on 55 f o s s i l s  and a l l  bu t  one measurement  on a 
f u r t h e r  30 ,
Tlie s pe c im ens  a r e  f rom beds o f  t h e  C o l i t h e  de  T r o u v i l l e  
l y i n g  w i t h i n  t h e  s u b - z o n e  o f  P e r i s p h l n c t e s  a n t e c e d e n s  ( A r k e l l , 1 9 3 0 ) ,  
They would t h e r e f o r e  a p p e a r  t o  be o f  t h e  same a ge  as  t h e  beds o f
C o t h i l l , B r a n  P o i n t  and p o s s i b l y  Wootton B a s s e t t  a l t h o u g h  t h e  o o l i t e s  
of  Upware a r e  p o s s i b l y  o f  a y o unge r  a g e .
Of t h e  o t h e r  s am ples  u s e d  i n  t h e  a n a l y s i s  a l l  were  p e r s o n a l l y  
c o l l e c t e d  by t h e  a u t h o r .  The l o c a l i t i e s  a r e s -
a )  Bed 4 ( s e e  f i g , 2 , 4 )  Bran P o i n t , D o r s e t  (G.R,  SY743814).
Tliis bed was c h o s e n  a s  i t  c o n t a i n e d  f a r  more specimens  o f  N»s c u t a t u s , 
than  t h e  o t h e r  s i x  beds y i e l d i n g  t h e  s p e c i e s .  I n  t h i s  s a m p l e , f r o m  a 
s o f t  b l u e - g r e y  mar1^many spec im ens  were  found t o  be v e r y  d i s t o r t e d ,  
c rushed  and b r o k e n , p o s s i b l y  due  t o  c o m p a c t io n  o f  t h e  m ar l  d u r i n g  
d i a g e n e s i s .  Some o t h e r  spec im ens  were  p e r f e c t l y  p r e s e r v e d  and amongst
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the  f i n e s t  spec im ens  o f  N . s c u t a t u s  f o u n d .  W i t h in  t h e  s a m p l e o f  
28 spec im ens  i n  which any s o r t  o f  r e a s o n a b l e  measurem ent  c o u ld  be 
m a d e , a l l  measurements  a r e  p o s s i b l e  on 16 ,  The beds a r e  n e a r  t h e  t o p  
of t h e  Osmington  O o l i t e  Group ( A r k e l l  1936)  and t h e r e f o r e  n e a r  t o  t h e  
boundary be tw een  t h e  t r a n s v e r s a r t u r n  And p l i c a t i l i s  zones  (W i l son  1 9 6 8 ) ,  
The beds a r e  p l a c e d  w i t h i n  t h e  p a r a n d i e r i  s u b - z o n e  by F u r s i c h  ( 1 9 7 6 , a ) ,  
bu t  w i t h i n  t h e  a n t e c e d e n s  s u b -z o h e  by Cope & T o r r e n s  ( 1 9 6 9 ) ,
b)  The o l d  q u a r r y  i n  t h e  t o w n , C a i n e , W i l t s h i r e  (G,R,  ST998765), 
This s m a l l  sample  from a s o f t  c h a l k y  o o l i t e  c o n t a i n e d  w e l l  p r e s e r v e d  
specimens w i t h  t h e  t e s t  i n t a c t .  The bed i s  w i t h i n  t h e  famous C o r a l  
Rag o f  C a in e  p l a c e d  be tw een  t h e  t r a n s v e r s a r iurn and p l i c a t i l i s
zones ( W i l so n  1 9 6 8 ) ,  A l l  m easurem ents  c o u ld  be t a k e n  on f i v e  o u t  o f  
e i g h t  spec im ens  c o l l e c t e d ,
c )  The M4 motorway c u t t i n g  a t  Wootton B a s s e t t , W i l t s h i r e  
(G.R, SU 073343 ) ,  These s p e c i m e n s , from o o l i t i c  l i m e s t o n e , a r e  u s u a l l y  
found a s  m o u l d s , a s  t h e  t e s t  t e n d e d  t o  a d h e r e  t o  t h e  r o c k  when t h e  
f o s s i l s  were e x t r a c t e d .  T h e r e f o r e , a l t h o u g h  t h e  spec im ens  a r e  n o t  o f t e n  
c r u s h e d , a  f u l l  s e t  o f  m easurem ents  c o u ld  be t a k e n  on o n l y  17 from a 
sample o f  52 s p e c i m e n s .  They a r e  o f  presumed p l i c a t i l i s  a g e , f r o m  
compar ison  w i t h  t h e  c l o s e s t  c om pa rab le  s t r a t a  ( W h i t e , 1 9 2 5 ) ,
d )  Q u a r ry  a t  C o t h i l l , O x f o r d s h i r e  (G.R.  SU466996),
These s pe c im ens  f rom  t h e  sa n d y  h o r i z o n s  ( s e e  f i g , 2 , 4 )  a r e  f r e q u e n t l y  
broken and ha v e  p r o b a b l y  s u f f e r e d  much p r e - b u r i a l  a b r a s i o n ,  A f u l l  
s e t  o f  m easu rem en ts  i s  t h e r e f o r e  p o s s i b l e  on o n l y  17 from a  sample  
of 38 s p e c i m e n s .  The sam p le  i s  f rom t h e  U r c h in  M arl s  o f  O x f o r s h i r e ,  
w i t h i n  t h e  a n t e c e d e n s  s u b - z o n e  (Ca l lomon 1 9 6 0 ) ,
e )  Q u a r ry  a t  U p w a re ,C a m b r i d g e s h i r e  (G.R ,  TL542723),
This l a r g e  sam ple  from t h e  Upware r e e f  i n l i e r  i s  f rom a c o a r s e ,  
but  s o f t  m a r l y  p i s o l i t e  w i t h  a b u n d a n t  i r r e g u l a r  e c h i n o i d s .  The 
specimens w ere  g e n e r a l l y  w e l l - p r e s e r v e d  w i t h  t h e  t e s t s  i n t a c t  and
130
in  good c o n d i t i o n  r e v e a l i n g  much d e t a i l .  A l l  measurements  co u ld  be 
taken on 76 spec im ens  from a sample  s i z e  o f  1 3 3 , and o n l y  one measurement ,  
u s u a l l y  v a r i a b l e  E,was m i s s i n g  on a f u r t h e r  15 .  The o o l i t e s  a r e  p l a c e d  
w i t h in  t h e  p a r a n d i e r i  s u b - z o n e  w i t h  p e rh a p s  " t r a c e s  o f  t h e  a n te c e n d e n s  
sub-zone" ( C a l l o m o n , 1 9 6 0 ) .
Thus a  t o t a l  o f  461 spec im ens  o f  N . s c u t a t u s w a s  used  i n  
the b i o m e t r i c a l  a n a l y s i s .  As f a r  a s  co u ld  be d e t e r m i n e d  a l l  t h e  samples  
were c o l l e c t e d  from h o r i z o n s  w i t h i n  t h e  p l i c a t i l i s  and t r a n s v e r s a r i u m  
zones which  l i e  each  s i d e  o f  t h e  m i d d l e - u p p e r  O x f o r d i a n  bounda ry  
( W r i g h t ,1 9 7 2 ) .
50) P r e s e r v a t i o n
From a s u b j e c t i v e  a p p r a i s a l  a l l  t h e  samples  a p p e a r  t o  be 
very s i m i l a r  t o  each  o t h e r j n o  d i s t i n g u i s h i n g  f e a t u r e s  s e p a r a t e  any 
group from any  o t h e r  g r o u p .  However some g e n e r a l i s a t i o n s  can  be made 
about  t h e  s a m p l e s .
F i r s t l y , t h a t  t h e r e  i s  a n  o v e r a l l  s i z e  d i f f e r e n c e  i n  t h e  
specimens be tw een  s a m p l e s , a l t h o u g h  o f  c o u r s e , c o n s i d e r a b l e  o v e r l a p  
does o c c u r .  The samples  c a n  be o r d e r e d  a c c o r d i n g  to  t h e  a v e r a g e  s i z e  
of s p e c i m e n s , i . e .  t h e  s m a l l e s t  b e in g  Bran P o i n t , f o l l o w e d  by C o t h i l l ,  
T r o u v i l l e  ( t h e  samples  f rom bo th  h o r i z o n s  b e in g  v e r y  s i m i l a r ) , C a i n e ,  
Wootton B a s s e t t  and t h e  sample  w i t h  t h e  g e n e r a l l y  l a r g e s t  specimens  
being Upware,
A n o th e r  f e a t u r e  t h a t  i s  n o t i c e a b l e  i s  t h e  d i f f e r e n c e  i n  t h e  
s t a t e s  o f  p r e s e r v a t i o n  be tw een  t h e  s a m p l e s .  I n  t h e  o n l y  sample  from 
a d i s t i n c t l y  s i l i c e o u s  h o r i z o n , t h e  C o t h i l l  s a m p l e , t h e  specimens  
a re  o f t e n  b roken  and a b ra d e d  b u t  t h e  t e s t  i s  a lw ays  i n t a c t , m o u l d s  
being r a r e .  I n  t h e  r e m a i n i n g  s a m p l e s , a l l  f rom d o m in a n t l y  c a l c a r e o u s  
h o r i z o n s , t w o  s t a t e s  o f  p r e s e r v a t i o n  a r c  o b s e r v e d .  There  a r e  t h o s e
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samples  w i t h  spec im ens  t h a t  a r e  w e l l  p r e s e r v e d , t e s t s  i n t a c t  and 
showing f i n e  d e t a i l , a n d  s e c o n d l y  t h o s e  samples  w i t h  spec im ens  t h a t  
a r e  m a i n ly  p r e s e r v e d  as  moulds w i t h  a l i g h t  brown t e s t  o f t e n  a d h e r i n g  
to  t h e  m a t r i x  i n  which  t h e  f o s s i l  i s  f o und .  Those i n  t h e  fo rm er  g r o u p ,  
the  Bran P o i n t , T r o u v i l l e  s h o r e , C a i n e  and Upware samples  a r e  a l l  
found i n  s e d im e n t s  w i t h  a h i g h  p r o p o r t i o n  o f  m i c r i t e  w h i l s t  t h o s e  
from t h e  l a t t e r , T r o u v i l l e  c l i f f  and Wootton B a s s e t t  a r e  f rom s p a r r y  
o o l i t i c  l i m e s t o n e s .  I t  seems t h a t  r e p l a c e m e n t  o f  t h e  t e s t  i s  a s s o c i a t e d  
wi th  s p a r r y  cements  p r e c i p i t a t e d  from p e r c o l a t i n g  po re  f l u i d s  i n  t h e  
g r a i n  support ed  s p a r i t e s  and t h a t  l e s s  p o s t - d e p o s i t i o n a l  a l t e r a t i o n  
occurs  i n  mud s u p p o r t e d  m i c r i t e s  a s  t h e s e  s e d im e n t s  c o n t a i n  f e w e r  
p r im ary  p o r e  s p a c e s .  Hie spec im ens  from t h e  p u re  m ar l  h o r i z o n  a t  
Bran P o i n t  ha v e  s u f f e r e d  more p o s t - d e p o s i t i o n a l  c o m p r e s s io n  t h a n  
those  from t h e  m a r l y  o o l i t e s .  The p r e s e n c e  o f  c o a r s e  o o l i t h s  a p p e a r s  
to l i m i t  t h e  amount  o f  c o m p a c t io n  o f  t h e  s e d i m e n t s ,
5D) Compari son  be tw een  t h e  T r o u v i l l e  s h o r e  and t h e  T r o u v i l l e  c l i f f  s a m p l e s . 
Comparisons  i s  f i r s t  made be tw een  t h e  sample from t h e  l o  rcr  
lower m ar ly  o o l i t e  o f  t h e  T r o u v i l l e  s h o r e  and t h e  sample  from t h e  
upper o o l i t e  o f  t h e  T r o u v i l l e  c l i f f  ( s a m p le s  f rom t h e  Caen c o l l e c t i o n  
wi th  42 and 133 spec im ens  i n  each  g ro u p  r e s p e c t i v e l y ) .  D i f f e r e n c e s  
in  t h e  s t a t e  o f  p r e s e r v a t i o n  be tw een  t h e  two samples  a l l o w  a l l  15 
v a r i a b l e s  t o  be m easu red  on a  h i g h e r  p r o p o r t i o n  o f  spec imens  from 
the  l o w e r  h o r i z o n .  Com pari son  was made be tween  t h e  samples  because  
of  t h e  s l i g h t  d i f f e r e n c e s  i n  s e d i m e n t a r y  f a c i e s  and s t r a t i g r a p h i e  
h o r i z o n  be tw een  t h e  two.
The aim o f  t h e  a n a l y s i s  was t o  d e t e c t  w h e th e r  a s i g n i f i c a n t  
change had o c u r r e d  d u r i n g  t h i s  s l i g h t  change  i n  f a c i e s  and t im e .
F our  t e s t s  were  u t i l i s e d .  Three  f i r s t  o f  a l l  u s i n g  a s m a l l
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number o f  n e a r  p e r f e c t  s p e c i m e n s .  T h e s e  t e s t s  were  t h e n  r e p e a t e d  
us ing  a  l a r g e r  number o f  spec im ens  by a d d in g  l e s s  w e l l  p r e s e r v e d  
i n d i v i d u a l s , and a f o u r t h  t e s t  added .
1 .  D i s c r i m i n a n t  F u n c t i o n s
U s ing  t h e  s t e p w i s e  d i s c r i m i n a n t  f u n c t i o n  programme,BMD07M, 
on t h o s e  s pe c im ens  w i t h  15 measured  v a r i a b l e s  (2 8  spec im ens  from t h e  
lower and 55 f rom  t h e  u p p e r  h o r i z o n )  i t  was found  t h a t  t h e r e  a r e  no 
s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  two s a m p l e s .
S t e p  14  ( f i n a l )
V a r i a b l e  n o t  i n c l u d e d ;  N1
F v a l u e  = 2 . 1  ( S i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  be tw een  g roup  means;
P > 5%)
U - s t a t i s t i c  = .701 ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  means;  P > 5%) 
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  20%,
2 ,  C h i - s q u a r e
t e s t s  were  c a r r i e d  o u t  on t h e  M aha lanob is  d i s t a n c e  
between each  sp e c im en  and a l l  g ro u p  m ea n s ,p ro d u ce d  by program 
BMD 07M,in  o r d e r  t o  a s s e s s  t h e  p r o b a b i l i t y  o f  a  p a r t i c u l a r  specimen  
b e long ing  t o  a  p a r t i c u l a r  g r o u p .  I n  t h i s  a n a l y s i s  o n l y  t h r e e  s p e c im e n s ,  
two from T r o u v i l l e  c l i f f  and one f rom  T r o u v i l l e  s h o r e , w e r e  a 
h i g h l y  s i g n i f i c a n t l y  d i s t a n c e  (P <  1%) from t h e  o p p o s in g  g r oup .
This i n d i c a t e s  t h a t  t h e  p r o b a b i l i t y  i s  h i g h  (P > 5%) t h a t  most  
specimens m ig h t  b e lo n g  t o  e i t h e r  g ro u p  and s u b s t a n t i a t e s  t h e  F 
s t a t i s t i c  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  between  t h e  g r o u p s .
In  t h e  c a s e  o f  t h e  two spec im ens  n o t e d  above  i t  was f o u n d  t h a t  t h e y  
a l s o  ha v e  a  low p r o b a b i l i t y  (P  < 5%) o f  b e l o n g i n g  t o  t h e i r  c o r r e c t  
group and t h e r e f o r e  a p p e a r  t o  be u n u s u a l  s p e c i m e n s .  See f i g , 5 , 4  
as an  example o f  c l a s s i f i c a t i o n  o u t p u t .
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3 .  C a n o n i c a l  v a r i â t e s  
A p l o t  o f  t h e  f i r s t  two c a n o n i c a l  v a r i a b l e s , ( f i g . 5 , 2 )  
r e p r e s e n t i n g  100% o f  t h e  v a r i a b i l i t y  o f  t h e  14 v a r i a b l e s  used  
was produced  by program BMD 07M and shows t h e  d e g r e e  o f  o v e r l a p  
between t h e  two s a m p l e s ,  z
As many spec im ens  i n  t h e  o r i g i n a l  samples  were o n l y  s l i g h t l y  
ab raded  i t  was d e c i d e d  t o  i n c r e a s e  t h e  number o f  spec im ens  i n  t h e  
a n a l y s i s  by r e d u c i n g  t h e  number o f  v a r i a b l e s  used  t o  d e f i n e  t h e  
sa m p le s .  Two t e s t  r u n s  w ere  u n d e r t a k e n  i n  which  f i r s t l y  v a r i a b l e s  
I,M and N1 w ere  e xc lude d  so  t h a t  i t  was p o s s i b l e  t o  u s e  106 s p e c i m e n s ,  
and s e c o n d l y , 127 spec im ens  w i t h o u t  v a r i a b l e s  E , I  o r  L,  I t  was 
found t h a t  t h e r e  was a  m a r g i n a l  i n c r e a s e  i n  t h e  s i g n i f i c a n c e  o f  
th e  d i f f e r e n c e  be tw een  t h e  g ro u p  means (P = 5% ),shown by t h e  
U s t a t i s t i c , ( "/^ = *8) b u t  t h a t  t h e  number o f  spec im ens  c l a s s i f i e d  
i n t o  t h e  wrong g r o u p  a t  t h e  end o f  t h e  a n a l y s i s  r o s e  to  o v e r  30%,
No c e r t a i n  s i g n i f i c a n t  d i f f e r e n c e  i s  t h e r e f o r e  e v i d e n t  be tween  t h e  
samples  f rom t h e  s h o r e  and c l i f f  h o r i z o n s  and t h e y  ha ve  t h e r e f o r e  
been t r e a t e d  as  a s i n g l e  sample  i n  many l a t e r  a n a l y s i s .
The com pute r  has  shown t h e r e f o r e  t h a t  a l t h o u g h  t h e  two 
samples a r e  d i f f e r e n t , a s  any  two sam ples  mus t  be t o  a  c e r t a i n  
e x t e n t , e v e n  a  c o m p a r i s o n  i n  14 d im e n s io n s  c a n n o t  p roduce  a s i g n i f i c a n t  
s e p a r a t i o n , a n d  i t  i s  i n f e r r e d  t h a t  o n l y  a min imal  amount  o f  change  
occ u r r e d  i n  t h e  two p o p u l a t i o n s  d u r i n g  t h e  t im e  between  t h e  
d e p o s i t i o n  o f  t h e  m a r l y  o o l i t e  and t h e  o o l i t i c  l i m e s t o n e s  a t  
T r o u v i l l e ,
4 . C l u s t e r  a n a l y s i s  
On p e r f o r m i n g  a h i e r a r c h i c a l  c l u s t e r  a n a l y s i s  on t h e  
comple te  T r o u v i l l e  s a m p le , tw o  q u i t e  d i s t i n c t  g roups  a r e  formed
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by t h e  programme,a l  though  t h e  e r r o r s  o f  g r o u p in g  beyond t h e  f o u r t h  
s t e p  a r e  l a r g e  i n  c o m p a r i s o n  w i t h  e a r l i e r  g r o u p i n g s .  However ,  
the two s u b - g r o u p s  so  formed can  be c h a r a c t e r i s e d  as  a d j a c e n t  
and r em o te  f a c t i o n s  amongs t  t h e  s a m p le .  The s m a l l e r  a d j a c e n t  
group b e ing  c h a r a c t e r i s e d  i n  g e n e r a l  by a l a r g e r , l o w e r  p e r i p r o c t ,  
a s h a l l o w e r  g roove  a t  t h e  p o s t e r i o r  b o r d e r  and t h e  p e r i p r o c t  
being c l o s e  t o  t h e  a p i c a l  d i s c , i . e .  v a r i a b l e s  L,N4,N2 and Nl 
r e s p e c t i v e l y ,  Tlie spec im ens  o f  t h e  a d j a c e n t  g ro u p  t end  t o  be t h e  
s m a l l e r  i n  s i z e  o f  t h e  two groups  a l t h o u g h  t h e  g roups  a r e  n o t  
d i f f e r e n t i a t e d  by s i z e  a l o n e , a n d  spec im ens  from bo th  t h e  s h o r e  
and c l i f f  s am ples  a r e  e v e n l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  two g r o u p s .
The a d j a c e n t  g roup  i s  a l s o  t h e  more homogeneous i n  c h a r a c t e r  
being formed by t h e  c l u s t e r  a n a l y s i s  a t  t h e  s t a g e  o f  f o r m a t i o n  o f  
f i v e  g r o u p s .  T hus , a l t h o u g h  t h e  compute r  d i s t i n g u i s h e s  two groups  
w i t h i n  t h e  t o t a l  s a m p l e , t h e s e  do n o t  c o r r e s p o n d  t o  t h e  two d i f f e r e n t  
h o r i z o n s .
The re  i s  no s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  sample  o f  
N . s c u t a t u s  f rom t h e  T r o u v i l l e  s h o r e  and t h a t  f rom T r o u v i l l e  c l i f f ,
5E) ComparisÔn be tween  t h e  T r o u v i l l e  and C o t h i l l  samples
Compari son  was e x te n d e d  t o  a sample  from a c o m p l e t e l y  
d i f f e r e n t  s e d im e n t  o f  t h e  same s u b z o n a l  a g e , t h e  c a l c a r e o u s  
s a n d s t o n e  o f  C o t h i l l ,
A l l  C o t h i l l  and T r o u v i l l e  spec im ens  o f  t h e  a u t h o r s  c o l l e c t i o n ,  
i n  which  a l l  15 v a r i a b l e s  a r e  p r e s e n t  w ere  used  f o r  t h e  com par ison  
( c o m p r i s i n g  17 and 19 spec im ens  r e s p e c t i v e l y )  i n  a d i s c r i m i n a n t  
f u n c t i o n  a n a l y s i s .  The s m a l l  T r o u v i l l e  sample  was used  t o  s a t i s f y  
a r ecom menda t ion  o f  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  i . e .  n e a r  e qua l  
sample s i z e s ,  (See  Ch ,4D),
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Step 1 
V a r i a b l e  N2 e n t e r e d .
Step 5
Variables I,M,B and A added,
U-statistic = *39 (Significance of the inequality of group means;
P = 1%)
Step 13 (final)
Variables not included; D and N4
F value = 3,6 (Significance of difference between group means;
P = 1%)
U-statistic = ,320 (Significance of the inequality of group means
P = 1%)
Specimens classified wrongly by posterior probability; 6%.
tests of the probability of each specimen belonging to 
a particular group showed that roughly a fifth of the cases in 
each group have a low probability (P< 5%) of belonging to the
IS
opposing group. This^a marked contrast to the previous analysis 
(p.133 ) which indicated that nearly all specimens from Trouville 
shore and Trouville cliff could belong to either sample.
Comparison of figure 5,3 with figure 5,2, shows 
there is a much greater distance between the two group means 
and less overlap in the Cothill - Trouville comparison. In the 
Trouville sample 17 specimens are classified correctly with only 
two wrongly,and in the Cothill sample all 17 are correct,giving 
an incorrect classification of 11% and 0% of the specimens 
respectively,
Simpson (1961) and Cooper (1973) have used a figure, of 
25% or less overlap between samples to define a sub-species.
This e v i d e n c e , t h e r e f o r e , t a k e n  i n  i s o l a t i o n  would s u g g e s t  t h a t
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t w o  s u b - s p e c i e s  a r e  p r e s e n t  i n  t h e  f o r e g o i n g  a n a l y s i s .
I t  c an  be a r g u e d , h o w e v e r , t h a t  t h e  17 p e r f e c t  spec imens  
a r e  n o t  r e p r e s e n t a t i v e  o f  a l l  38 spec im ens  o f  t h e  C o t h i l l  s am ple .
The m u l t i v a r i a t e  a n a l y s i s  c a n n o t  a c c e p t  m i s s i n g  d a t a  f rom i n c o m p l e t e  
spec im ens .  However ,a  b i v a r i a t e  a p p ro a c h  can  be u s e d  t o  t e s t  t h e  
d i f f e r e n c e  be tw een  a l l  spec im ens  i n  t h e  two s a m p l e s ,
IVhen r e d u c e d  m a j o r  axes  a r e  c o n s t r u c t e d  f o r  v a r i a b l e  A 
and a l l  o t h e r  v a r i a b l e s , com par i sons  o f  t h e  two samples  r e v e a l  
s i g n i f i c a n t  d i f f e r e n c e s  between  o n l y  two s l o p e s .  These  a r e  f o r  
A w i t h  C (P < 1%) and D (1% < P < 5%), A l though  no s i g n i f i c a n t  
d i f f e r e n c e s  can  be p roved  be tween  any o t h e r  p a i r  o f  s l o p e s , i n  a l l  
but  one c a s e ,A  and N 4 , t h e  s l o p e s  a r e  a s i g n i f i c a n t  d i s t a n c e  a p a r t .
I t  i s  n o t e d  t h a t  N4 i s  e n t e r e d  a t  s t e p  12 on DFA, The r a t e  ,o f  
i n c r e a s e  o f  C d u r i n g  growth  seems t o  be v e r y  d i f f e r e n t  between  t h e  
two s a m p l e s .  F o r  example,when r e d u c e d  m a jo r  a x e s  a r e  c o n s t r u c t e d  
f o r  C w i t h  a l l  o t h e r  v a r i a b l e s  t h e n  h i g h  s i g n i f i c a n t  d i f f e r e n c e s  
(P < 1%) a r e  found  w i t h  t h e  s l o p e s  i n v o l v i n g  v a r i a b l e s  A ,B ,G , J ,L  
and N2 and p r o b a b l e  s i g n i f i c a n t  d i f f e r e n c e s  (1% < P < 5%) f o r  
C and H, Th i s  i n v o l v e s  o v e r  h a l f  o f  t h e  v a r i a b l e s  m easu red .  An 
e ven  g r e a t e r  d e g r e e  o f  d i f f e r e n c e  i s f o u n d  be tween  t h e  r educed  
m ajor  axes  when a l l  v a r i a b l e s  a r e  used  w i t h  a  v a r i a b l e  such as  L,
I n  t h i s  c a s e  s e v e n  s l o p e s , L  w i t h  C,D,I ,M,N1,N2 and N 3 , a r e  a l l  
found t o  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) be tween  t h e  
two s a m p l e s ,  < •
I t  s h o u ld  be n o t e d  t h a t  t h e  v a r i a b l e s  i m p o r t a n t  i n  d i s t i n g u i s h i n g  
between t h e  two samples  t h ro u g h  b i v a r i a t e  a n a l y s i s  need n o t  be 
t he  same as  t h o s e  found  t o  be i m p o r t a n t  i n  d i s c r i m i n a n t  a n a l y s i s .
This i s  b e c a u s e  t h e  f o r m e r  i s  c o n c e rn e d  w i t h  growth  r a t i o s  o f  
v a r i a b l e s  and t h e  l a t t e r  w i t h  a b s o l u t e  v a l u e s .  N e v e r t h e l e s s ,
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s i g n i f i c a n t  d i f f e r e n c e s  a r e  o b s e r v a b l e  be tw een  t h e  T r o u v i l l e  
and C o t h i l l  s am ples  o f  N , s c u t a t u s .
5F) Compari son  be tw een  t h e  C o t h i l l  and Wootton B a s s e t t  samples
The s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e  C o t h i l l  and T r o u v i l l e  
samples  m ig h t  h a v e  r e f l e c t e d  t h e  g e o g r a p h i c a l  i s o l a t i o n  o f  t h e s e  
l o c a l i t i e s .  The C o t h i l l  sample  was t h e r e f o r e  compared w i t h  t h e  
g e o g r a p h i c a l l y  c l o s e r  Wootton B a s s e t t  sample  t o  t e s t  f o r  a c l o s e r  
m o r p h o l o g ic a l  s i m i l a r i t y .  These  samples  a r e  f rom h o r i z o n s  o n l y  
40 kms a p a r t  and a r e  o f  t h e  same presumed p l i c a t i l i s  z o n a l  age  
( s e e  p.130 ) ,
U s ing  t h e  d i s c r i m i n a n t  a n a l y s i s  programme,BMD 07M, a 
d r a m a t i c  d i f f e r e n c e  be tw een  t h e  sam ples  was o b s e r v e d .
S t e p  3
V a r i a b l e s  L , I  and N4 e n t e r e d ,
F v a l u e  = 2 6 , 4  ( S i g n i f i c a n c e  o f  d i f f e r e n c e  be tw een  g roup  means;
P = 1%)
Specimens c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%,
S t e p  16 ( f i n a l )
F v a l u e  = 9 ^ 2  ( S i g n i f i c a n c e  o f  d i f f e r e n c e  be tw een  g ro u p  means;
P < .1%) ^
U - s t a t i s t i c  = ,128  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g roup  means;
P < ,1%)
Specimens c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  3%.
The m a j o r i t y  o f  spec im ens  w e re  c l a s s i f i e d  as  100% 
r e p r e s e n t a t i v e  o f  t h e i r  own g roup  ( f i g , 5 , 4 ) .
A l though  spec im ens  o f  t h e  Wootton B a s s e t t  sample  a r e  on 
a v e r a g e  l a r g e r  i n  s i z e  t h a n  t h o s e  o f  t h e  C o t h i l l  s a m p le ,m e a su re m e n ts  
o f  t h e  g r o s s  morphology  o f  t h e  t e s  t  e . g ,  v a r i a b l e s  A,B,C,D,G aiid H,
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did n o t  f i g u r e  h i g h l y  i n  d i s c r i m i n a t i n g  be tween  t h e  two s a m p le s .
Indeed t h e  f i r s t  s i z e  v a r i a b l e  t o  be e n t e r e d  was v a r i a b l e  B ( B r e a d t h )  
a t  s t e p  4 , i n d i c a t i n g  t h e  more e l o n g a t e  c h a r a c t e r  o f  t h e  C o t h i l l  
s p e c im e n s , The f i r s t  t h r e e  v a r i a b l e s  o f  i m p o r t a n c e  i n  t h e  d i s c r i m i n a t i n g  
p ro c e d u re  were  a l l  c o n c e rn e d  w i t h  t h e  s i z e  and p o s i t i o n  o f  t h e  
p e r i p r o c t .  Measurements  on t h e  p o s i t i o n  o f  t h e  a p i c a l  s y s t e m ,  
i . e ,  M and N l , f i g u r e  o n l y  a t  s t e p s  10 and 13 ,
A p l o t  o f  t h e  p r i n c i p a l  components  ( f i g . 5 , 5 )  shows a 
s i m i l a r  b u t  more s c a t t e r e d  d i s t r i b u t i o n  o f  p o i n t s  f o r  t h e  same 
two s a m p l e s .  Th i s  p e rh a p s  i s  a more o b j e c t i v e  v iew o f  t h e  d i f f e r e n c e s  
between t h e  sam ples  i n  m u l t i d i m e n s i o n a l  s p a c e , a s  a l l  34 specimens  
a r e  t r e a t e d  as  one g r o u p , t h e  s c a t t e r  o f  p o i n t s  b e ing  a  r e p r e s e n t a t i o n  
of  t h e i r  p o s i t i o n  r e l a t i v e  t o  m u l t i v a r i a t e  c o r r e l a t i o n s  for-  k k t  
group a s  a w h o le .  Aga in  a  s m a l l  d e g r e e  o f  o v e r l a p  i s  e v i d e n t  
between t h e  two g r o u p s ,w h i c h  have  a w ide  and a l m o s t  e q u a l  s c a t t e r .
F i g u r e  5 ,6  t a b u l a t e s  e i g e n v a l u e s  and d i r e c t i o n  c o s i n e s  
f o r  t h e  f i r s t  f o u r  p r i n c i p a l  componen ts .  The f i r s t  component  i s  
composed o f  t h e  main m o r p h o l o g i c a l  o r  s i z e / s h a p e  v a r i a b l e s , i . e .
A,B,C,D,E,G,H and M, The second  c o m p o n e n t , i s  made up o f  v a r i a b l e s  
conc e rne d  w i t h  t h e  p e r i p r o c t  and s u l c u s , i . e ,  L and N 4 , th e  l e n g t h  .. 
and p o s i t i o n  o f  t h e  p e r i p r o c t , a n d  J  and N2 t h e  l e n g t h  o f  t h e  s u l c u s  
and i t s  d e p t h  a t  t h e  p o s t e r i o r  b o r d e r .  As can  be s e e n  from a p l o t  o f  
t h e  f i r s t  two components  i t  i s  t h e  d i s t r i b u t i o n  a lo n g  component 2 ,  
t h a t  p roduce s  t h e  s e p a r a t i o n  between  t h e  g r o u p s .  M o re o v e r , a s  a l l  
v e c t o r s  a r e  o r t h o g o n a l  ( s e e  C h .4,02)  t h e  d i f f e r e n c e s  i n  t h e  p e r i p r o c t  
and s u l c u s , b e t w e e n  t h e  two s a m p l e s , a r e  i n d e p e n d e n t  o f  s i z e .  F o r  
e xa m p le ,a  spec im en  from C o t h i l l  would be v e r y  d i f f e r e n t  i n  t h e  
l e n g t h  o f  t h e  p e r i p r o c t  and s u l c u s  when compared t o  a  spec im en  from ' 
Wootton B a s s e t t  o f  e x a c t l y  t h e  same s i z e .  T h e r e f o r e  v a r i a b l e s  o f
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nilNCIPAL COMPONENT ANALYSIS
Cothill and Wootton Bassett samples 
15 variables, 34 cases.
Eigenvalues
8 . 3 1 2 . 3 8 ' 1 . 1 4 1 . 0 (
Cumulative proportions of tptal variance
5 5 % 71^ 79^ 86^
Ei genvectors
1 2 3 4
A —. 3 4 - . 0 7 , . 02 . 0 4
B - . 3 2 - . 1 8 . 0 4 . 00
c  —. 3 0 . 2 6 — . 1 9 - . 0 9
D - . 3 0 . 2 5 — . 23 — . 1 4
E —. 31 - . 0 9 . 17 . 0 6
G - . 3 4 — . 12 . 0 4 . 03
H - . 3 3 - . 0 1 - . 0 2 . 09
I  - . 2 1 - . 0 9 .21 — . 58
J —.21 — . 41 — . 23 . 04
L - . 0 9 - . 4 7 — • 3 6 . 35
M - . 2 4 - . 2 0 . 3 2 . 03
Nl  - . 2 3 . 1 8 . 31 - . 1 8
N2 - . 1 4 . 4 3 — . 0 9 .23
N3 - . 1 1 . 20 . 4 7 . 63
N4 - . 2 2 .33 - . 4 7 . 0 7
Figure 6 9 6 » Eigenvalues and direction cosines of the
first four eigenvectors for the Cothill and 
Wootton Bassett samples. The first two 
eigenvectors are plotted in fig.5^ 5 »
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t h e  p e r i p r o c t  a g a i n  f i g u r e  p r o m i n e n t l y  i n  t h e  d i s c r i m i n a t i o n  
b e t w e e n  t w o  s a i T i p l e s  o f  N . s c u t a t u s  o f  a p p r o x i m a t e l y  t h e  s a m e  a g e  
b u t  f r o m  d i f f e r e n t  h o r i z o n s .
T h e  d e g r e e  o f  d i f f e r e n c e  b e t w e e n  t h e  s a m p l e s  f r o m  C o t h i l l  
a n d  W o o t t o n  B a s s e t t  i s  a t  a  h i g h e r  l e v e l  t h a n  b e t w e e n  t h e  C o t h i l l  
a n d  T r o u v i l l e  s a m p l e s , s i n c e  s i g n i f i c a n t  d i f f e r e n c e s  a r e  a c h i e v e d  
b y  t h e  u s e  o f  f e w e r  v a r i a b l e s .  I n d e e d  t h e  e v i d e n c e  f o r  t h e  t w o  
E n g l i s h  S a m p l e s , c o m i n g  f r o m  t w o  c l o s e  l o c a l i t i e s , m i g h t  s u g g e s t  t h a t  
t h e y  r e p r e s e n t  t w o  s e p a r a t e  s p e c i e s .
5G C o m p a r i s o n  b e t w e e n  C o t h i l l , W o o t t o n  B a s s e t t  and T r o u v i l l e  s a m p l e s  
The analysis can be extended further to include all three 
groups so far studied. For this purpose the discriminant analysis 
programme was used in an attempt to observe further the differences 
between the samples,especially the large differences found to 
exist between the Cothill and Wootton Bassett samples.
Step 3
Variables L,N2 and I entered.
U-statistic = .40 (Significance of the inequality of group means;
. P < 1%)
Step 8
F matrix indicated that all group means were highly significantly 
different (P < 1%) from all other groups.
Step 13
U-statistic = .12 (Significance of the inequality of group means;
P < .1%)
Specimens classified wrongly by posterior probability;
Cothill 6%, Trouville 16%, Wootton Bassett 12%,
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An interesting point to note is that the Trouville sample
occupied an intermediate position between the two English samples
in having some specimens classified wrongly into either group,
whilst no Cothill specimens was classified with the Wootton Bassett
samples or Wootton Bassett specimens with the Cothill samples.
In fact the only specimen to be classified wrongly in the previous
analysis,specimen X79 from Cothill,was classified with the Trouville
sample. The intermediate nature of the Trouville sample is borne
out in the canonical plot,figure 5,7, which shows the two English
pL
samples lying in périmerai areas to the central French sample,
A plot of the first two principal components also showed 
a complete separation between the Cothill and Wootton Bassett 
sample,the Trouville sample again occupied a central position 
between them. These tWo components in general represent the same 
variables as those used in the Cothill - Wootton Bassett plot.
The Cothill and Wootton Bassett samples are end members of 
a series linked by the intermediate and overlapping Trouville 
sample. It is therefore Inferred that the Cothill and Wootton Bassett 
samples do not belong to separate species. Since the morphological 
sequence Cothilll’^ ;Trouville - Wootton Bassett is not the geographical 
sequence of samples,the differences between samples are not 
primarily a function of geographic isolation,
5H) Comparison between all large N.SCUTATUS samples
The five major samples of N.scutatus from Bran Point,
16 specimens; Cothill,17 specimens; Trouville,19 specimens; Wootton
Bassett,17 specimens and a random sample of 30 specimens from
U pw are,w ere used  t o g e t h e r  i n  an  a n a l y s i s  t o  f u r t h e r  t e s t  t h e  .
significance of the differences between groups within this diverse 
species.
146
«
H
d
§
- p
m
w0 cd mCQ p TiH •H •d -P 0 tifl o(M 0 U d0 +3 ■p -P •H OO•P CQ d U •d 0 0 0 o•ü 0 •H c -P tH ON•H q-4 -P CD NO-P a 0 • • tHd Tl 0 d tH T-t Od P: 0 1 ••H cd -p d 0 <N(4 o bD■p d d W T-i oM W o c cd 0 vO CD -P•H V_/ w H .O <N • •PQ m 0 cd • (N 0H d % d . I m• H ü) cd •H lù•H tJ cd*» •H tH tJ d 0 CQtLT) -P ü cd 0 o tH0 0 ü ■P o H tH d0 Ü a •H cd ü •H r4 0k M d ü t> •H ■pB •V 0 •H d d d: -pEo d ij cd 0 -p 0•H H cd d 0 d 0 0k \_/ 'V/ Ü •H is: EH o
m
U  H-
1^7
A gain  i t  was found  t h a t  th e  f i r s t  v a r i a b l e  to  be e n te r e d  
by th e  s tep ^ v ise  d i s c r i m i n a t i n g  p ro c e d u re  w ere  th o s e  co n c e rn e d  w i th  
the  p e r i p r o c t .
S t e p  1 
V a r ia b l e  I  e n t e r e d ,
U - s t a t i s t i c  = .41 ( S i g n i f i c a n c e  o f  th e  i n e q u a l i t y  o f  g ro u p  means;
P 4  .1%)
S te p  2 
V a r ia b l e  L e n t e r e d ,
Upware sam ple  became p r o b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 5%) 
from a l l  o t h e r  g ro u p s  e x c e p t  W ootton B a s s e t t ,
S t e p  8
V a r ia b l e s  J ,N 3 ,N 4 ,B ,A  and H ad d e d ,
F m a t r ix  i n d i c a t e d  a l l  g ro u p s  w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  
(P < 1%) from  e v e ry  o t h e r  g ro u p .
S te p  14  ( f i n a l )
V a r i a b l e  n o t  i n c l u d e d ;  C
U - s t a t i s t i c  = ,0 5  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g roup  means;
P < ,1%)
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  13%
I t  was s e e n  t h e r e f o r e  t h a t  t h e  s i z e  v a r i a b l e s  A to  H 
were n o t  i m p o r t a n t  i n  d i s t i n g u i s h i n g  be tw een  i n d i v i d u a l  specim ens 
from d i f f e r e n t  sam p les  a l t h o u g h  t h e r e  a r e  o v e r a l l  s i z e  d i f f e r e n c e s  
between t h e  sa m p le s .
The p l o t  o f  t h e  f i r s t  two c a n o n ic a l  v a r i â t e s  shows th e  
d i s t r i b u t i o n '  o f  t h e  f i v e  g ro u p s  r e l a t i v e  to  each  o t h e r , a l t h o u g h  
i t  s h o u ld  be n o te d  t h a t  t h e  p l o t  r e p r e s e n t s  o n ly  85% o f  th e  t o t a l  
d i s p e r s i o n  ( f i g u r e  5 , 8 ) ,  I t  can  r e a d i l y  be s e e n  t h a t  t h e r e  a r e  no 
d i s t i n c t  g ro u p s  f o r m e d , th e  sam p les  o v e r l a p  and th e  specim ens
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t h e r e f o r e  p r o b a b ly  r e p r e s e n t  one d i v e r s e  s p e c i e s .  However c e r t a i n  
p a t t e r n s  can  be d i s c e r n e d  from  w i t h i n  th e  p l o t .
F i r s t , i t  i s  e v id e n t  t h a t  each  g roup  mean i s  q u i t e  s e p a r a t e  
from a l l  o t h e r  g roup  m ean s ,(T h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h i s  
d i f f e r e n c e  i s  g iv e n  i n  t h e  F -  m a t r i x ) .  The two m ost s i m i l a r  g roups  
a re  T r o u v i l l e  and W ootton B a s s e t t  sam ples  y e t  o n ly  18% o f  th e  
Wootton B a s s e t t  sam ple  i s  c l a s s i f i e d  as  more t y p i c a l  o f  T r o u v i l l e  
specim ens and 5% o f  t h e  T r o u v i l l e  sam ple  c l a s s i f i e d  w i t h  Wootton 
B a s s e t t ,
S e c o n d , th e  means o f  t h e  f o u r  ’c a l c a r e o u s '  s a m p le s ,B ra n
P o i n t ,T r o u v i l l e ,W o o t t o n  B a s s e t t  and U p w a r e , l i e  c l o s e  t o g e t h e r
and o c c u r  i n  a s im p le  l i n e a r  p r o g r e s s i o n .  T h is  i s  r o u g h ly  c o i n c i d e n t
w ith  i n c r e a s i n g  s e d im e n t  g r a i n  s i z e  ( f i g , 5 , 1 1 ) ,  The C o t h i l l  s a m p le ,
from a  s i l i c e o u s  h o r i z o n , s t a n d s  a p a r t  f ro m ,a n d  h a s  much l e s s
o v e r la p  w i t h , t h e s e  o t h e r  g r o u p s .
I t  was fou n d  t h a t  be tw een  75% and 100% o f  th e  specim ens
i n  each  sam ple  w ere  a s s i g n e d  i n t o  t h e i r  l o c a l i t y  g ro u p .  T h is  a p p l i e s
when e i t h e r  a l l  107 T r o u v i l l e  spec im ens  a r e  used  o r  o n ly  19 specim ens
c o l l e c t e d  by t h e  a u t h o r .
F i g , 5 ,9  t a b u l a t e s  t h e  p r o b a b i l i t y  o f  spec im ens  i n  each
sample b e lo n g in g  to  a  p a r t i c u l a r  g ro u p  based  on t e s t s  o f
2
M ahalanobis  d i s t a n c e s ,D  , o f  each  c a s e  from  a l l  g ro u p  m eans.
The l i n e a r i t y  o f  t h e  sam p les  from  Bran P o i n t , C o t h i l l , T r o u v i l l e ,  
Wootton B a s s e t t  to  Upware i s  e m p h a s i s e d  by an e x a m in a t io n  o f  th e  
p e rc e n ta g e  o f  spec im ens  w i t h i n  each  sam ple  w i t h  a  low p r o b a b i l i t y  
(P < 5%) o f  b e lo n g in g  to  each  g ro u p .  The p e r c e n ta g e  i n c r e a s e s  
i n  a  l i n e a r  m anner away from  t h e  c o r r e c t  g ro u p .  T h e r e f o r e , t h e r e  
a re  many spec im ens  from  Upware w i t h  a  low p r o b a b i l i t y  (P  < 5%) 
of b e lo n g in g  t o  C o t h i l l  b u t  c o n s i d e r a b l y  fe w e r  w i th  a  low p r o b a b i l i t y
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of b e lo n g in g  to  i t s  s t a t i s t i c a l  n e ig h b o u r  W ootton B a s s e t t ,
F i g . 5 ,1 0  shows th e  d e g re e  o f  d i f f e r e n c e  be tw een  a l l  f i v e  
N .s c u t a tu s  sam p les  when red u c e d  m ajo r  axes  a r e  c o n s t r u c t e d  f o r  
v a r i a b l e  A w i th  a l l  o t h e r  v a r i a b l e s .  A g a i n , i n  g e n e r a l  t e r m s , t h e  
sample from  Upware i s  s e e n  to  be th e  m ost d i s t i n c t  g ro u p .  However, 
i f  an  im p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e , s u c h  a s  L , i s  u sed  as  th e  
main v a r i a b l e  f o r  c o m p a r iso n  th e n  a l a r g e  number o f  s lo p e s  a r e  
found t o  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%),
N . s c u t a t u s  i s  th u s  a h i g h l y  v a r i a b l e  s p e c i e s .  S i g n i f i c a n t  
d i f f e r e n c e s  i n  sam p le  means i n d i c a t e  g e n e r a l i s e d  d i f f e r e n c e s  
between l o c a l  p o p u l a t i o n s , b u t  t h e  h ig h  d e g re e  o f  o v e r l a p  im p l ie s  
t h a t  o n ly  a s i n g l e  s p e c i e s  i s  i n v o lv e d ,
51) E x te n s io n  o f  t h e  a n a l y s i s  to  i n c l u d e  th e  s m a l l  C a in e  sam ple
The d i s c r i m i n a n t  a n a l y s i s  was e x te n d e d  to  i n c l u d e  th e  sm a l l  
Caine  sam ple  o f  5 spec im ens  and to  s p l i t  t h e  T r o u v i l l e  g roup  
i n t o  i t s  o r i g i n a l  s h o re  and c l i f f  c o l l e c t i o n s .
I t  was fo u n d  t h a t  t h e  p a t t e r n  o f  d i s c r i m i n a t i o n  was t h e  
same a s  w i t h  t h e  p r e v io u s  a n a l y s e s .  No s i g n i f i c a n t  d i f f e r e n c e s  
were o b s e rv e d  be tw een  t h e  two T r o u v i l l e  sam p les  so  j u s t i f y i n g  
t h e i r  i n c l u s i o n  as  a  s i n g l e  g ro u p .  The p l o t  o f  a l l  t h e  sam ples  
showed th e  C a in e  g ro u p  to  l i e  be tw een  th e  T r o u v i l l e  and Wootton 
B a s s e t t  g r o u p s .  I t  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P > 5%) from  
any o t h e r  g r o u p ,p r o b a b l y  a r e s u l t  o f  i t s  s m a l l  sam ple  s i z e .  The 
maximum g r a i n  s i z e  o f  th e  C a in e  s e d im e n t  i s  a l s o  i n t e r m e d i a t e  
betw een t h a t  o f  T r o u v i l l e  and W ootton B a s s e t t , s u p p o r t i n g  th e  
i n f e r e n c e  t h a t  t h e r e  i s  a  r e l a t i o n s h i p  betw een  e c h in o id  m orphology 
and t h e  a s s o c i a t e d  s u b s t r a t e .
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a) V ar iab le  A w ith  a l l  o ther  v a r ia b le s
Bran Point
A.
B.
C.
D.
A.
B.
C.
D.
A.
B.
C.
D.
A.
B.
C.
D.
0
1
13
3
Cothill
1
0
13
2
1
1
12
1
Trouville
0
0
14
1
0 
2 . 
12
0
0
1
13
0
W, Bassett
1 3 2 1
2 0 3 0
11 11 9 13
0 0 0 0
Upware
B) Variable L with all other variables.
Bran Point
A. 4
Bo 0 Cothillc # 10
D. . 1 '
A. 3 7
B. 1 0 Trouvillec # 10 7
D. 3 0
A. 5 4 6
B. 0 0 0 W, Bassettc # 9. 10 8
D. 0 0 1
A, 3 6 6 7
B. 0 0 8 1
C. 11 8 0 6
Do 0 0 0 . 1
Upware
Figure 5,1 C>. Comparison of reduced major axes between each of
five N.scutatus samples. A= slopes that are highly 
significantly different (P<l^)j B= slopes that are 
probably significantly different(1^<P<5^)5 C= slopes 
in which no significant difference can be proved (P>5%); 
D= slopes within. C which are not a significant 
distance apart (P>1%).
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5J) Conclusions
The com pute r  a n a ly s e s  show t h a t  v a r i a b l e s  L , I  and N4 a r e
p r i m a r i l y  u se d  f o r  d i s c r i m i n a t i o n  be tw een  a l l  sam ple  g ro u p s  and
t h a t  A,B,H and J  a r e  l e s s  f r e q u e n t l y  b u t  o c c a s i o n a l l y  i m p o r t a n t .
Thus,the size of the periproct and its position within the sulcus
a re  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  g roups  ,the  o v e r a l l  s i z e  and
e lo n g a t io n  o f  th e  t e s t  a r e  c h a r a c t e r s  o f  s e c o n d a r y  s i g n i f i c a n c e ,
and a l l  o t h e r  m o rp h o lo g ic a l  v a r i a b l e s  a c c o u n t  f o r  l i t t l e  s i g n i f i c a n t s
v a r i a t i o n  w i t h i n  N . s c u t a t u s ,
The sam p les  a r e  a l l  f rom  two a d j a c e n t  s u b z o n e s .  However,
no p h y l o g e n e t i c  s e q u e n c e  o f  changes  i s  d i s c e r n a b l e .  The com puter
d id  n o t  even  d i v i d e  t h e  sam p les  c l e a r l y  i n t o  two age  g r o u p s .
F i g , 5 ,5  shows a c l e a r  d i s t i n c t i o n  be tw een  two o f  t h e  s a m p le s .
Taken i n  i s o l a t i o n , i t  m ig h t  s u g g e s t  t h a t  t h e  g ro u p s  be c h a r a c t e r i s e d
t a x o n i m i c a l l y  a s  s e p a r a t e  s p e c i e s .  However, f i g , 5 ,8  d e m o n s t r a te s
th e  o c c u r r e n c e  o f  i n t e r m e d i a t e  g r o u p s ,a n d  i t  i s  c o n c lu d e d  t h a t  o h ly
a s i n g l e  v a r i a b l e  s p e c i e s  i s  r e p r e s e n t e d .
T h e re  i s  no d i r e c t  c o r r e l a t i o n  betw een  th e  m o rp h o lo g ic a l
and g e o g r a p h i c a l  s e p a r a t i o n  o f  th e  g r o u p s .  F i g , 5 ,7  shows th e
French  sam ple  from  T r o u v i l l e  t o  be p la c e d  m o r p h o l o g ic a l l y  betw een
th e  two E n g l i s h  sam p les  o f  C o t h i l l  and W ootton B a s s e t t ,  T here  i s
no g r a p h i c a l  o v e r l a p  be tw een  th e  l a t t e r  sam p les  a l t h o u g h  th e
l o c a l i t i e s  a r e  o n ly  40 km a p a r t .  M o rp h o lo g ic a l  d i s t i n c t i o n  betw een
groups i s  t h e r e f o r e  n o t  s im p ly  a f u n c t i o n  o f  g e o g ra p h ic  d i s t a n c e ,
»
G eograph ic  i s o l a t i o n  r a t h e r  th a n  d i s t a n c e  m ay ,h o w e v er ,b e  o f  some 
im p o r ta n c e .  The d i s t i n c t  C o t h i l l  and W ootton B a s s e t t  sam ples  w ere  
s e p a r a t e d  by a  s u b m a r in e  s w e l l  ( Wilson.',1968) w hich  may have  form ed 
a p h y s i c a l  b a r r i e r .  The d i s t i n c t i o n  o f  th e  Upware g ro u p  ( e . g . f i g . 5 , 8 )  
may r e f l e c t  s e p a r a t i o n  o f  t h i s  a r e a  o f  c a r b o n a te  d e p o s i t i o n  from th e
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main o u t c r o p  by th e  A rn p th i l l  C lay  f a c i e s , a  f a c i e s  i n h o s p i t a b l e  
to e c h i n o i d s .  However th e  T r o u v i l l e  s a m p le s , g e o g r a p h i c a l l y  a s i m i l a r  
d i s t a n c e  from  th e  m ain  E n g l i s h  o u t c r o p  o f  c a r b o n a te s  a s  th e  Upware 
g r o u p ,p l o t  a s  i n t e r m e d i a t e  be tw een  th e  Bran P o i n t , C o t h i l l  and 
Wootton B a s s e t t  g r o u p s .  The d i s t i n c t i o n  o f  th e  Upware g ro u p  may 
a l s o  r e f l e c t  i t s  s l i g h t l y  y o u n g e r  a g e .
The m ost o b v io u s  d i s t i n c t i o n  ( e . g ,  f i g s .  5 ,5 ;  5 ,7  and 5 , 8 )  
betw een sam p les  c o r r e s p o n d s  w i t h  d i f f e r e n c e s  i n  th e  e n c lo s in g  
se d im e n t  and p resu m ab ly  o r i g i n a l  s u b s t r a t e .  T h e  g e n e r a l  good s t a t e  
o f  p r e s e r v a t i o n  o f  t h i s  s m a l l  t h i n - s h e l l e d  e c h in o id  seems to  
i n d i c a t e  l i t t l e  p o s t-m o r te m  t r a n s p o r t a t i o n .  The C o t h i l l  sam ple  
(from  a  s e d im e n t  w i t h  s i l i c e o u s  g r a i n s )  i s  c l e a r l y  d i f f e r e n t  from 
th e  o t h e r  sam p les  ( f ro m  s e d im e n ts  w i t h  c a l c a r e o u s  g r a i n s ) .  M oreover, 
th e  f o u r  c a l c a r e o u s  sam ples  fo rm  a l i n e a r  s e r i e s :  Bran P o i n t ,  
T r o u v i l l e ,W o o t to n  B a s s e t t  t o  Upware, T h is  c o r r e s p o n d s  w i th  an  
i n c r e a s e  i n  g r a i n  s i z e  o f  t h e  s e d im e n t  from  a f i n e  m ic r i te ,m e d iu m  
g ra in e d  o o m . i c r i t e , o o s p a r i t e  to  c o a r s e  o n c o l i t i c  i n t r a m i c r i t e .
A part  from  th e  u n u s u a l  a l g a l  o n c o l i t e  f a c i e s  o f  Upware t h i s  
p r o g r e s s io n  a l s o  r e p r e s e n t s  a n  i n c r e a s e  i n  t h e  e n e rg y  o f  t h e  o r i g i n a l  
d e p o s i t i o n a l  e n v iro n m e n t  ( F o l k , 1 9 6 2 ) ,  Even th e  C o t h i l l  sam ple  , 
from a f i n e - g r a i n e d  c a l c a r e o u s  q u a r t z  s a n d s  t o n e , p l o t s  m ost c l o s e l y  ' ■ 
w ith  t h e  sam ples  from  th e  f i n e r  g r a i n e d  c a r b o n a t e s .
F i g ,  5 ,1 1  p l o t s  t h e  a v e ra g e  l e n g t h  o f  t h e  p e r i p r o c t ,L , a n d  
the  maximum g r a i n  s i z e  a g a i n s t  l o c a l i t y .  I t  i s  s e e n  t h a t  i n  a l l  c a s e s  
the  p e r i p r o c t  i s  l a r g e r  t h a n  th e  l a r g e s t  o o l i t h s  o r  o t h e r  l a r g e  g r a i n s  
w i th in  t h e  s e d im e n t .  F u r th e r m o r e , t h e  a v e ra g e  p e r i p r o c t  l e n g t h  
i n c r e a s e s  a s  t h e  s e d im e n t  becomes c o a r s e r .  T h is  i s  b o rn e  o u t  i n  
f i g , 5 , 1 2 , a p l o t  o f  t h e  a v e ra g e  p e r i p r o c t  a r e a  Ï  x L a g a i n s t  t h e  
s i z e  o f  t h e  l a r g e s t  e o l i t h  w i t h i n  th e  s e d im e n t  a t  each  l o c a l i t y .
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The c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .9 2  and d i f f e r s  s i g n i f i c a n t l y  
from z e ro  a t  t h e  1% l e v e l .
I t  i s  t h e r e f o r e  c o n c lu d ed  t h a t  th e  d i f f e r e n c e s  i n  t h e  s i z e  
and p o s i t i o n  o f  th e  p e r i p r o c t  be tw een sam ples  a r e  p r i m a r i l y  a 
f u n c t i o n  o f  t h e  g r a i n  s i z e  and e n e rg y  in d e x  o f  t h e  se d im e n t  
( S c u r r y ,197 8 ) .
5K) The s e l e c t i o n  o f  n e o ty p e s  f o r  N.SCUTATUS.
I t  i s  p ro p o sed  to  e s a b l i s h  t h e  a u t h o r ’s c o l l e c t i o n  from  
the s h o r e  a t  T r o u v i l l e , C a l v a d o s , F r a n c e , spec im ens  X462 -  X 4 8 1 ,to  
be n e o ty p e s  f o r  N . s c u t a t u s . The r e a s o n s  f o r  t h e  c h o ic e  o f  t h e s e  
specim ens a r e  bo th  h i s t o r i c a l  and s t a t i s t i c a l .
W righ t (1 8 5 2 ,1 8 5 9 )  s t a t e s  t h a t  T r o u v i l l e  i s  th e  ty p e  a r e a  
of L am arck’s N . s c u t a t u s . He was in d e e d  s e n t  spec im ens  by 
M.Deslongchamps o f  Caen from  th e  a r e a  on t h a t  u n d e r s t a n d in g .  T h is  
l o c a l i t y  a l s o  c o n ta i n s  t h e  m ost p r o l i f i c  number o f  specim ens  o f i . t h i s  
s p e c ie s  so  f a r  d i s c o v e r e d  by t h e  a u t h o r , t h e r e f o r e  a l l o w in g  a w ide 
v a r i e t y  o f  i n d i v i d u a l s  to  be c o l l e c t e d  from  t h i s  s i n g l e  l o c a l i t y .  
From th e  m u l t i v a r i a t e  a n a ly s e s  made o f  th e  v a r i o u s  sam ples  o f  
N . s c u t a tu s  i t  was found  t h a t  t h e  T r o u v i l l e  spec im ens  occupy a 
c e n t r a l  p o s i t i o n  ai.iongst t h e  g roups  so  f a r  s t u d i e d .  The T r o u v i l l e  
specim ens used  by th e  a u t h o r  a r e  a l s o  th e  o n ly  g roup  to  e x h i b i t  
m o rp h o lo g ic a l  o v e r l a p  w i t h  sam p les  from  a l l  o t h e r  l o c a l i t i e s  
s tu d i e d .
F o r  t h e s e  r e a s o n s  i t  a p p e a r s  r e a s o n a b l e  t o  p ro p o se  t h a t  t h e  
a u t h o r ' s  T r o u v i l l e  spec im ens  be a c c e p te d  a s  t y p i c a l  r e p r e s e n t a t i v e s  
of t h e  d i v e r s e  s p e c i e s  N .s c u t a  tu s  if  any  one sam ple  need be s e l e c t e d  
f o r  taxonom ic  p u r p o s e s .
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CHAPTER 6 -  BIOMETRICS OF NUCLEOLITES LATIPORUS
6A) I n t r o d u c t i o n
Only t h r e e  sam p les  o f  t h i s  s p e c i e s  a r e  s t u d i e d  b i o m e t r i c a l l y  
h e re .  Specim ens w ere  found  a t  a g r e a t  number o f  l o c a l i t i e s  i n  th e  
m iddle J u r a s s i c  and i t  a p p e a r s  to  be a w id e s p re a d  and common 
s p e c i e s , e s p e c i a l l y  i n  t h e  C o rn b ra s h ,  However i t  i s  n o t  so  a b u n d a n t  
in  any one l o c a l i t y  a s  N .s c u ta tu s ,m any  o f  t h e  l o c a l i t i e s  y i e l d i n g  
fewer th a n  10 s p e c im e n s , and t h e  specim ens  w ere  g e n e r a l l y  b ro k en  
and a b b rad ed  and t h e r e f o r e  n o t  s u i t a b l e  f o r  a f u l l  b i o m e t r i c a l  
a n a l y s i s .  A l th o u g h  D ouglas  & A r k e l l  (1 9 2 8 ,1 9 3 2 )  l i s t  many l o c a l i t i e s  
in  th e  C o rn b rash  o f  England  w here  N . l a t i p o r u s  ( s y n .  N . c l u n i c u l a r i s ) 
occurs  many a r e  now o v e rg r o w n ,d i s u s e d  o r  d e s t r o y e d .  Few sam ples  
can s t i l l  be c o l l e c t e d  w hich  c o n t a i n  a b u n d a n t  i n d i v i d u a l s .  F i g . 6 , 1 p 
i s  a summary o f  a n a ly s e s  c a r r i e d  o u t  i n  t h i s  C h a p te r .
6B) S t r a t i g r a p h y
T h ree  sam ples  a r e  a n a ly s e d  below
a )  C o l l e c t i o n  from  S t r a t t o n  A u d le y ,O x f o r d s h i r e  (G.R* SF602253), 
From t h e  C o rn b rash  a t  t h e  to p  o f  a l a r g e  q u a r r y  w ork ing  th e  u n d e r ly in g  
Bathon ian  W hite L im e s to n e ,  The h o r i z o n  y i e l d i n g  t h e  specim ens  i s  
t y p i c a l l y  Lower C o r n b r a s h ,a  c o a r s e  b i o c l a s t i c  l i m e s t o n e ,v e r y  
f o s s i l i f e r o u s , b u t  w i th  o n ly  m o d e r a te ly  p r e s e r v e d  e c h i n o i d s .  A t o t a l
of 21 n u c l e o l i t i d  e c h in o id s  was c o l l e c t e d .  A l l  15 m easurem ents  
as d e f in e d  above  ( p .99 ) c o u ld  be made on 11 spec im ens  w h i l s t
one v a r i a b l e  was m is s in g  from  a f u r t h e r  3 .  However 3 o t h e r  l a r g e  
specim ens a l l  had th e  same 5 c h a r a c t e r s  m is s in g  ( i . e .  v a r i a b l e s  
C,D,M,N1,N3) as  t h e  d o r s a l  s u r f a c e s  w ere  n o t  p r e s e r v e d ,
b )  A sam ple  from  th e  l a r g e  q u a r r y  a t  T a l a n t ,D i j o n ,C o t e  d 'O r  , 
France ( s e e  f i g u r e  2 , 3 b ) ,  The spec im ens  w ere  found  i n  r u b b le  which
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appeared  to  o r i g i n a t e  from  h a rd  b r o w n , g r i t t y  o o l i t i c  beds ( F i g , 2 , 4 ) ,
The beds a r e  above  th e  b ase  o f  th e  zone o f  M .m acrocepha lus  
( p e r s o n a l  c o m m u n ic a t io n ,P r o f . T i n t a n t , U n i v e r s i t é  de  D i j o n ) , a n d  a r e  
t h e r e f o r e  C a l l o v i a n  i n  a g e , e q u i v a l e n t  t o  t h e  Upper C o rn b rash  o f  
E n g la n d ,a l s o  known to  c o n t a i n  N . l a t i p o r u s  (D oug las  & A r k e l l , 1 9 2 8 ,1 9 3 2 ) ,  
The spec im ens  a r e  p o o r ly  p r e s e r v e d , a l l  f i f t e e n  m easurem ents  b e in g  
p o s s ib l e  on o n ly  5 o f  t h e  o r i g i n a l  10 Specim ens fo u n d ,
c )  Sample from  th e  Lam bert C o l l e c t i o n  housed  a t  th e  
U n i v e r s i t é  de  P a r i s  -  6 , I t  c o n t a i n s  8 w e l l  p r e s e r v e d  spec im ens  
of v a r y i n g  s i z e s , o n l y  1 sp ec im en  b e in g  i m p e r f e c t  w i th  v a r i a b l e  E 
m is s in g .  The spec im ens  have  a n o o l i t i c  l i m e s t o n e  m a t r i x .  L o c a l i t y  
d a ta  f o r  t h e  sam ple  i s  t h e  'V e s u l i a n  o f  H y d r e q u e n t ' ,  H y d requen t  
i s  a s m a l l  town i n  t h e  B o u lo n n a is , F r a n c e , a n  a r e a  w i th  many l a r g e  
q u a r r i e s  o r i g i n a l l y  w o rk in g  th e  Upper P a l a e o z o ic  r o c k s  and e x p o s in g  
the  o v e r l y i n g  m id d le  and u p p e r  J u r a s s i c  s t r a t a  a s  o v e rb u rd e n .  The 
a u th o r  h a s  c o l l e c t e d  some n u c l e o l i t i d  spec im ens  from  a s i m i l a r  
nearby  q u a r r y  a t  F e r q u e s ,P a s  de  C à l a i s ,
The V e s u l i a n  o f  t h e  B o u lo n n a is  h a s  been  c o r r e l a t e d  w i th  
the  Upper I n f e r i o r  O o l i t e  o f  G r e a t  B r i t a i n  p a r t i c u l a r l y  th e  
p a r k in s o n i  zone o f  t h e  C o tsw olds  (G ig n o u x ,1 9 5 0 ) ,  However L a m b e r t ' s ,  
s t r a t i g r a p h y  was p r o b a b ly  based  on t h e  e a r l i e r  i n t e r p r e t a t i o n  
of th e  V e s u l i a n  s t a g e  w hich  e q u a te d  i t  w i t h  t h e  lo w er  and m id d le  
B a thon ian  ( A r k e l l , 1 9 3 3 ) ,  B ig o t  (1 9 3 0 )  a l s o  c o r r e l a t e d  t h e  V e s u l i a n  
w ith  t h e  Lower B a th o n ia n  Caen L im e s to n e  w hich  i s  o f  z ig z a g  and 
p r o g r a c i l i s  zone a g e .  Ager & W allace  (1 9 6 6 )  s u p p o r t  t h e s e  e a r l y  
views by s t a t i n g  t h a t  t h e r e  a r e  no B a jo c io n  s t r a ta e e % p o s é d  i n  
the B o u lo n n a is ,  The sam ple  th u s  p r o b a b ly  o r i g i n a t e s  from  m id d le  
B athon ian  o o l i t e s .
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6C) Type m a t e r i a l
Two ' t y p e '  c o l l e c t i o n s  from th e  B r i t i s h  Museum ( N a tu r a l  H i s to r y )  
London and t h e  C o t t e a u  C o l l e c t i o n , U n i v e r s i t é  de  P a r i s - s u d , O rs a y ,  
were a l s o  a n a l y s e d .
a )  The B r i t i s h  Museum spec im ens  a r e  W il l ia m  S m i th 's  
h o lo ty p e  and p a r a t y p e s  o f  N , c l u n i c u l a r i s  ( S m i t h ) .  Four specim ens  
were m easu red  from  th e  c o l l e c t i o n : -
i )  H o lo ty p e ,  E495 ,from  th e  C o ra l  Rag o f  C o l e s h i l l ,
( W i l t s h i r e ? )  (S m ith  1817 b , f i g u r e  6 ) ,
i i )  P a r a t y p e ,  E572, from  th e  C o rn b ra sh  o f  T row le .
i i i )  P a r a t y p e ,  E511, from  th e  C o rn b ra sh  o f  W ra x h a l l ,
i v )  P a r a t y p e ,  E 564a, from  t h e  I n f e r i o r  O o l i t e  o f  C h u r c h i l l ;
the more c o n i c a l  spec im en ' o f  t h e  two b e in g  m ea su re d ,
b) The sp ec im en s  from  t h e  C o t t e a u  C o l l e c t i o n  a r e  d 'O r b i g n y ' s  
f iv e  t y p e s , v a r i e t i e s  and accom panying  spec im ens  o f  E c h in o b r i s s u s  
c l u n i c u l a r i s  (L lhw yd) d 'O r b ig n y  1853 , A l l  o f  d ’O r b ig n y 's  specim ens  
have been  te rm ed  v a r i e t i e s  o f  E , c l u n i c u l a r i s  by C o t t e a u  ( 1 8 7 1 ) ,
i )  'T y p e ' ,  No.b 2 3 6 , from  th e  B a th o n ia n  o f  t h e  a r e a  around  
A lencon ,O rne ,
r
i i )  'A ccom panies  t y p e ' ,  N o ,b 8 9 4 ,f ro m  D avage ,S aone  e t  L o i r e ,  
y  y
i i i )  'V a r i é t é  d e p r im ee  ( E .edm und i) , No, b 2 3 8 , from  th e  
Bathonian  o f  Asn i e r  e s , Yonne,
i v )  'A ccom panies  E .e d m y n d i* from  th e  same l o c a l i t y ,  No.b 895,
f  y
v )  'V a r i é t é  e lo n g e e  ( E .o b lo n g u s ) from  t h e  same l o c a l i t y .
M easurem ents  w ere  a l s o  t a k e n  on a  ocastL o f  t h e  A g a s s iz  
type sp e c im en  o f  N . l a t i p o r u s  a t  t h e  B r i t i s h  Museum ( N a tu r a l  H i s t o r y ) ,  
London,
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6D) A n a ly s i s  o f  t h e  S t r a t t o n  Audley sam ple
T h is  sam ple  o f  21 specim ens  from  th e  same l o c a l i t y  and 
h o r iz o n  (C o r n b ra s h )  a p p e a re d  from a p r e l i m i n a r y  e v a l u a t i o n  t o  be 
inhomogeneous, composed o f  two s p e c i e s ;  a s m a l l  r o u n d , r a t h e r  
c o n ic a l  t y p e ,a n d  a l a r g e  e lo n g a t e  f o r m ,w i th  no i n t e r m e d i a t e s  
between th e  two. The two form s w ere  s u b j e c t i v e l y  p la c e d  i n  
N . l a t i p o r u s  A g a s s iz  and N ,e lo n g a tu s  A g a s s iz ,  When t h i s  m o rp h o lo g ic a l  
s e p a r a t i o n  had b een  made on th e  b a s i s  o f  t e s t  s i z e  and sh a p e  
the  two s p e c i e s  w ere  examined i n  g r e a t e r  d e t a i l .  I t  was o b se rv e d  
t h a t  t h e  p e r i s to m e  was re d u c e d  i n  s i z e , t h e  p e r i p r o c t a l  o p en in g  
was n o t  v i s i b l e  from  th e  d o r s a l  s u r f a c e  and t h a t  t h e  a p i c a l  d i s c  
o ccu p ied  a more c e n t r a l  p o s i t i o n  i n  t h e  l a r g e r  e lo n g a t e  N , e l o n g a t u s . 
One o f  t h e  s m a l l e r  spec im ens  ( sp e c im e n  03) was a d d i t i o n a l l y  s e e n  
to  be more e l o n g a t e , h a v e  a more c e n t r a l  d i s c  and h av e  a s m a l l e r  
p e r is to m e  and p e r i p r o c t  t h a n  th e  g e n e r a l i s e d  N . l a t i p o r u s  fo rm .
To t e s t  w h e th e r  t h i s  s u b j e c t i v e  two f o l d  d i v i s i o n  o f  t h e  
sample was o b j e c t i v e l y  v e r i f i a b l e  a  h i e r a r c h i c a l  c l u s t e r i n g  and 
a component a n a l y s i s  w ere  r u n  on th e  t o t a l  S t r a t t o n  A udley  s a m p le s .  
Such t e s t s  a r e  i d e a l  f o r  such  a p rob lem  s i n c e  no p r i o r  i n f o r m a t io n  
on g ro u p in g s  i s  r e q u i r e d .
The p l o t  ( f i g , 6 ,2 )  o f  th e  f i r s t  and second  p r i n c i p a l  
c o m p o n e n ts ,a c c o u n t in g  f o r  88% o f  t o t a l  v a r i a b i l i t y  o f  t h e  n in e  
c h a r a c t e r s  common to  m ost sp e c im en s ,sh o w s  a d i v i s i o n  p u r e l y  on 
s iz e ,c o m p o n e n t  1 .  The s m a l l  e lo n g a t e  spec im en  t h e r e f o r e  l i e s  
w i t h in  t h e  a r e a  o f  t h e  g ro u p  p r e v i o u s l y  d e f i n e d  a s  N . l a t i p o r u s , 
F ig u re  6 , 3  t a b u l a t e s  t h e  e ig e n v a lu e s  and d i r e c t i o n  c o s in e s  f o r  t h e  
f i r s t  f o u r  e i g e n v e c t o r s .
The same sam ple  c a n  be r u n  on t h e  H ie g ro u p  programme 
in  o r d e r  t o  compare r e s u l t s  w i th  t h e  g ro u p in g s  p roduced  by th e
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PRINCIPAL COMPONLNT ANALYSIS
Stratton Audley sample.
9 variables, 17 cases.
E i g e n v a l u e s
7 . 2 3  . 73  . 61  . 2 6
Cumulative proportions of total variance
80# 95# 98#
Eigenvectors
1 2 '  3 4
A - . 3 7  . 0 4  . 08  . 00
E - . 3 7  - . 0 1  . 1 2  . 0 6
G - . 3 7  • . 0 5  . 0 6  . 03
H - . 3 7  . 09  . 00  . 0 5
I - . 2 5  . 66  - . 5 7  - . 2 8
J - . 3 3  . 1 6  . 21  . 77
L . 3 3  . 38  - . 2 6  . 4 7
N2 —. 3 6  —. 03  . 1 6  —. 2 4
N4 - . 2 3  - . 6 2  - . 7 1  . 21
Figure 6,3. Eigenvalues and direction cosines of the first
four eigenvectors for the Stratton Audley sample 
The first two eigenvectors are plotted in 
fig.6,2.
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component a n a l y s i s .  As c an  be s e e n  from  th e  dendrogram  ( f i g , 6 ,4 )  
of t h e  r e s u l t s , t h e  sam ple  s p l i t s  c l e a r l y  i n t o  t h e  two s u b j e c t i v e l y  
d e f in e d  g r o u p s , t h e  s m a l l  spec im en  ( 0 3 )  b e in g  g rouped  w i th  th e  
l a r g e r  sp ec im en s  o f  N . e l o n g a t u s ,
The two t e s t s  th u s  b o th  s u b s t a n t i a t e  t h e  s u b j e c t i v e  
d i s t i n c t i o n  i n t o  t h e  same two m o rp h o lo g ic a l  g r o u p s ,b u t  d i f f e r  i n  
t h e i r  p la c e m e n t  o f  t h e  s m a l l  spec im en  03 , The d i f f e r e n c e  can  be 
e x p la in e d  by t h e  f a c t  t h a t  i n  t h e  h ie g r o u p  c l u s t e r i n g  p r o c e d u re  
th e  raw d a t a  i s  s t a n d a r d i s e d  so  t h a t  t h e  v a lu e  o f  e v e ry  v a r i a b l e  
ra n g e s  be tw een  0 and 1 ,  T h is  m in im ise s  t h e  e f f e c t  o f  s i z e , b y  
a l lo w in g  v a r i a b l e s  w i th  o n ly  s m a l l  r a n g e s  o f  a b s o l u t e  m easurem ents  
to  v a r y  a s  much a s  m easu rem en ts  o f  l a r g e  m a g n i tu d e .  T h is  i s  n o t  
a lways p o s s i b l e  w i th  component a n a l y s i s  a s  t h e  f i r s t  v e c t o r  i s  
g e n e r a l l y  g o v e rn ed  by s i z e .  T ak ing  t h i s  e v i d e n c e , t o g e t h e r  w i t h  
t h a t  p roduced  by t h e  p r i n c i p a l  component a n a l y s i s ,  t h e  s m a l l  
specim en  i s  h e r e  r e g a r d e d  a s  N .e lo n g a tu s  and o n ly  t h e  spec im ens  
numbered 0 2 ,0 4 - 1 4 ,0 2 1 -2 2  a r e  i n c l u d e d  i n  f u r t h e r  a n a l y s i s  a s  
N . l a t i p o r u s ,
6E) C om parison  be tw een  t h e  t h r e e  N.LATIPORUS sam ples  
D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  be tw een  t h e  two 
g e o g r a p h i c a l l y  c l o s e s t  g r o u p s ,o f  S t r a t t o n  A udley  and H y d re q u e n t ,  
showed no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  th e  g r o u p s .
S te p  16 ( f i n a l )
V a r i a b l e  n o t  i n c l u d e d ;  A,D and G,
U - s t a t i s t i c  = ,2 7  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P > 5%)
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  6%
I n  a r e - r u n  o f  t h e  a n a l y s i s , v a r i a b l e s  B and E w ere  ig n o re d
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in  o r d e r  t o  be a b l e  t o  i n c l u d e  more l e s s  p e r f e c t  spec im ens  
(B and E had o n ly  been e n te r e d  l a t e  a t  th e  1 2 th  and 1 4 th  s t e p  
r e s p e c t i v e l y  o f  th e  p r e v io u s  a n a l y s i s ) .  The same p a t t e r n  was 
p roduced .
S t e p  10 ( f i n a l )
V a r ia b l e  n o t  i n c l u d e d ;  C,G,M,N1 and N2,
U - s t a t i s t i c  = .31 ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P > 57c)
These  r e s u l t s  a r e  i n f l u e n c e d  by th e  s m a l l  s i z e  o f  t h e  sam ples  
but a r e  n o te w o r th y  c o n s i d e r i n g  th e  age  d i f f e r e n c e  be tw een  th e  two 
g roups,  Oner'S am ple came from  m id d le  and th e  o t h e r  from  upperm ost  
B a th o n ian ,  A l th o u g h  t h e r e  i s  a d i f f e r e n c e  i n  a g e  t h e r e  i s  no p roved
s i g n i f i c a n t  d i f f e r e n c e  i n  m orphology  be tw een  t h e  s a m p le s .
A l l  t h r e e  g roups  w ere  t e s t e d  by th e  i n c l u s i o n  o f  t h e  
C a l lo v ia n  T a l a n t  sam ple  u s in g  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .
Again no s i g n i f i c a n t  d i f f e r e n c e s  w ere  fou n d  be tw een  th e  g ro u p  means 
but th e  T a l a n t  sam ple  l a y  a t  a g r e a t e r  d i s t a n c e  from  th e  o t h e r
samples and o v e r l a p p e d  t o  a much l e s s e r  d e g r e e .
S te p  12 ( f i n a l )
V a r ia b le s  n o t  i n c l u d e d ;  A,C and G,
U - s t a t i s t i c  = ,065  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g roup  m eans;
P > 57.)
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;
H y d re q u e n t  14%, S t r a t t o n  A udley  11%, T a l a n t  0%,
2F i g u r e  6 ,5  t a b u l a t e s  A t e s t s  o f  D f o r  each  spec im en .
I t  i s  a p p a r e n t  t h a t  t h e  t h r e e  g roups  c a n  be o r d e r e d  a c c o r d in g  to  
an i n c r e a s i n g  h ig h  p e r c e n ta g e  o f  spec im ens  w i th  a low p r o b a b i l i t y  
(P < 1%) o f  b e lo n g in g  to  p a r t i c u l a r  g r o u p s .  T h is  o r d e r  c o r r e s p o n d s  
to age d i f f e r e n c e s  be tw een  th e  s a m p le s .  A ga in  i t  i s  s e e n  t h a t  t h e
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T a la n t  sam ple  i s  t h e  m ost d i s t i n c t i v e  o f  t h e  t h r e e  g r o u p s .
The d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s , t h e r e f o r e , s h o w e d  l i t t l e  
proved s i g n i f i c a n t  d i f f e r e n c e  be tw een  th e  t h r e e  sam p les  o f  N . l a t i p o r u s  
a l th o u g h  t h e  sam p les  a r e  from  r o c k s  o f  d i f f e r e n t  a g e , f a c i e s  and 
g e o g ra p h ic  l o c a t i o n  ( S t r a t t o n  A udley  and T a l a n t  a r e  a b o u t  720 kms 
a p a r t ) .  The d e g re e  o f  d i f f e r e n c e  be tw een  th e  g ro u p s  i s  l e s s  th a n  
t h a t  shown be tw een  t h e  v a r i o u s  N . s c u t a t u s  sam p les  w hich  a r e  a l l  
from two a d j a c e n t  s u b -z o n e s  and c l o s e r  g e o g ra p h ic  p r o x im i ty .
However t h i s  may r e f l e c t  sam ple  s i z e , a n d  be a c c o u n te d  f o r  by th e  
s m a l le r  s i z e  o f  t h e  N . l a t i p o r u s  s a m p le s .
To t r y  to  overcome th e  p rob lem  of s m a l l  sam ple  s i z e  by th e  
u t i l i z a t i o n  o f  more d a ta ,p ro g ra m m e s  RMA and TEST w ere  r u n  i n  
o rd e r  to  t e s t  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  be tw een  th e  
reduced  m a jo r  ax es  o f  t h e  s a m p le s .  The r e s u l t s  a l s o  r e f l e c t  th e  
age d i f f e r e n c e s  be tw een  th e  sam p les  t o  a  g r e a t e r  e x t e n t  th a n  th e  
d i s c r i m i n a n t  a n a l y s i s .
When th e  g ro u p  o f  i n t e r m e d i a t e  a g e , t h e  u p p e r  B a th o n ia n  
S t r a t t o n  A ud ley  sam ple  ,was compared to  b o th  t h e  o t h e r  g roups  
then  o n ly  t h r e e  s l o p e s  i n  each  o f  t h e  two c o m p a r iso n s  w ere  shown 
to be a t  l e a s t  p r o b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%),
In  th e  c o m p a r iso n  w i th  t h e  lo w e r  C a l l o v i a n  T a l a n t  sam ple  th e s e  
s lo p e s  w ere  v a r i a b l e  A w i th  L ,B and G ,w h i l s t  i n  c o m p a r iso n  w i th  
the  m id d le  B a th o n ia n  H y d req u en t  sam ple  t h e  s lo p e s  w ere  A w i th  E,
B,and N3, However,when th e  two sam p les  showing th e  g r e a t e s t  age  
range w e re  c o m p a r e d , i , e .  T a l a n t  and H y d r e q u e n t , t h e n  t h r e e  s lo p e s  
were shown t o  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%), A w i th  B,
C, and N3 and one s lo p e ,A  w i th  G was shown to  he p r o b a b ly  s i g n i f i c a n t l y  
d i f f e r e n t .  M o r e o v e r , in  t h i s  c o m p a r i s o n , p a r a l l e l  s l o p e s  w ere  a l l
proved t o  be a s i g n i f i c a n t  d i s t a n c e  a p a r t .  T h is  p a t t e r n  was r e p e a t e d
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a ) Variable A with all other variables 
Talant
A. 1
B.
C.
2
11 Strat. Aud.
D. 1
A. 3 2
B. 1 1
C. 10 11
D. 0 1
Hydrequent
B) Variable L with all other variables 
Talant
A. 4
B. 0 Strat. Audc # 10
Do 3
A. 12 8
B. 0 0
Co 2 6
D . 0 0
Hydrequent
Figure 6,6• Comparison of reduced major axes between each of 
three Ndatiporus samples. Key as for fig. 5,10.
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when L i s  u sed  w i t h  a l l  o t h e r  v a r i a b l e s (. f i g , 6 , 6 ) .
T h e re  a p p e a re d  t o  be s l i g h t l y  g r e a t e r  d e g re e s  o f  d i f f e r e n c e  
between th e  t h r e e  N . l a t i p o r u s  sam ples  th a n  be tw een  th e  f i v e  m ajo r  
groups w i t h i n  t h e  N . s c u t a t u s  s p e c i e s  r a n g e  (com pare  f i g s  5 ,1 0  w i th  
f i g  6 , 6 ) ,
6F) C om parison  betw een  N.SCUTATUS and N.LATIPORUS,
The v a r i a t i o n  t o  be e x p e c te d  w i t h i n  a s i n g l e , d i v e r s e  s p e c i e s  
has been a s s e s s e d  above f o r  bo th  N . s c u t a t u s  and N . l a t i p o r u s , The 
v a r i a t i o n  be tw een  t h e s e  two s p e c i e s  i s  now a s s e s s e d  to  i n d i c a t e  
more p r e c i s e l y  th e  taxonom ic  |e v ie l  a t  w hich  t h e  v a r i o u s  m orphotypes  
of N . s c u t a t u s  c an  be p l a c e d ;  and to  d e te r m in e  w h e th e r  s u b j e c t i v e  
d i f f e r e n c e s  be tw een  th e  s p e c i e s  N . s c u t a t u s  and N . l a t i p o r u s  a r e  
g r e a t e r  th a n  d i f f e r e n c e s  d e t e c t e d  be tw een  p o p u l a t i o n s  o f  N . s c u t a t u s , 
N . s c u t a t u s  and N . l a t i p o r u s  a r e  o b v i o u s l y  c l o s e l y  r e l a t e d ,  
few p r e - n i n e t e e n t h  c e n t u r y  a u th o r s  b e in g  a b l e  to  d i s t i n g u i s h  
between t h e  two s p e c i e s .  However s i n c e  L in n a eu s  m ost a u th o r s  have  
s t a t e d  t h a t  t h e s e  a r e  in d ee d  good s p e c i e s  ( e . g .  W r ig h t ,1859; 
M o r te n s e n , l9 4 8 ;  and K ie r ,1 9 6 2 )  b u t  w i th  some n o t a b l e  e x c e p t io n s  
( e .g .  S m i th ,1817 a & b ,a n d  F o r b e s ,1 8 4 9 ) i I t  th u s  a p p e a r s  t h a t  t h e r e  
a re  s u b j e c t i v e  d i f f e r e n c e s  betw een th e  two s p e c i e s  b u t  e x a c t l y  
what t h e  t r u e  d i f f e r e n c e s  a r e  h a s  n o t  been  e s t a b l i s h e d .  I t  i s  
g e n e r a l l y  assumed t h a t  N . l a t i p o r u s  i s  s o l e l y  m id d le  J u r a s s i c  i n  
age and t h a t  N . s c u t a t u s  i s  r e s t r i c t e d  to  t h e  u p p e r  O x fo rd ia n  and 
low est K im m eridg ian . ( v i d e  Lam bert  & T h i e r y ,1 9 2 1 ) ,  However,some 
specimens o f  e i t h e r  s p e c i e s  c o u ld  e a s i l y  be p la c e d  i n  t h e  o t h e r  
taxon on p u r e l y  m o rp h o lo g ic a l  g ro u n d s ,
A d i s c r i m i n a n t  a n a l y s i s  be tw een  t h e  N . s c u t a t u s  sam ple  
from T r o u v i l l e  and th e  N . l a t i p o r u s  sam p les  from  S t r a t t o n  A udley  
and H y d req u en t  showed s i g n i f i c a n t  d i f f e r e n c e s  (P < 1%) be tw een  th e
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group means o f  t h e  sam ples  o f  th e  two s p e c i e s  b u t  n o t  be tw een  th e  
N.l a t i p o r u s  sam p les  th e m s e lv e s .  T h is  i s  t o  be e x p e c te d  a s  no p roved  
d i f f e r e n c e s  w ere  found  betw een  th e  m id d le  J u r a s s i c  s a m p le s  when 
taken  i n  i s o l a t i o n .  /
s e e p  5 '
V a r ia b le  N 4 ,J ,L ,M  and C e n t e r e d ,
F m a t r ix  i n d i c a t e d  t h a t  t h e  T r o u v i l l e  g ro u p  mean became h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) from  B a th o n ia n  g r o u p s .
S te p  12 ( f i n a l )
V a r ia b l e s  n o t  i n c l u d e d ;  C,G and N l,
U - s t a t i s t i c  = ,3 0  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P < .1 % ),
T r o u v i l l e  sp ec im en s  c l a s s i f i e d  w i th  t h e  S t r a t t o n  A udley  g ro u p  
by p o s t e r i o r  p r o b a b i l i t y ; 2%,
However t h i s  d i s t i n c t i o n  does  n o t  seem to  be a s  c o m p le te  
as would be e x p e c te d  from  s p e c i e s  s e p a r a t e d  by a lm o s t  two s t a g e s
A
of t h e  J u r a s sic jiom eom orphy o b v io u s ly  occu r |in g  be tw een  th e  s a m p le s .
The c h a r a c t e r s  t h a t  w ere  found  to  be m ost u s e f u l  i n  d i s t i n g u i s h i n g  
between th e  two s p e c i e s  w ere  t h e  same a s  t h o s e  used  to  d i s t i n g u i s h  
between th e  v a r i o u s  sam p les  o f  N . s c u t a t u s  i t s e l f , t h e  d e g re e  o f  
s e p a r a t i o n  and th e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  be tw een  th e  g ro u p  
means a l s o  b e in g  a t  a b o u t  t h e  same l e v e l .
However t e s t s  o f  f o r  each  sp ec im en  r e v e a l e d  t h a t
between 66% and 88% o f  c a s e s  w i t h i n  each  s p e c i e s  had a low p r o b a b i l i t y  
(P < 5%) o f  b e lo n g in g  t o  t h e  o t h e r  s p e c i e s .  The t e s t s  show ed,
t h e r e f o r e , a  h i g h e r  d e g r e e  o f  d i f f e r e n c e  be tw een  t h e s e  trwo s p e c i e s  
than  be tw een  t h e  v a r i o u s  g ro u p s  o f  N . s c u t a t u s  a l o n e .  T h is  p a t t e r n  
was r e p e a t e d  when th e  T a l a n t  sam ple  was i n c lu d e d  i n  t h e  a n a l y s i s ,
A d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was t h e r e f o r e  c a r r i e d
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out be tw een  th e  S t r a t t o n  A udley  sam ple  and th e  two N . s c u t a t u s  
samples p r e v i o u s l y  shown to  e x h i b i t  a good s e p a r a t i o n  -  t h e  C o t h i l l  
and Woo^on B a s s e t t  s a m p le s .
S t e p  A
V a r i a b l e s  L ,N2,B,A and I  w ere  e n t e r e d ,  /
F m a t r ix  i n d i c a t e d  t h a t  t h e  W ootton B a s s e t t  sam ple  became h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) from th e  o t h e r  g r o u p s .
S t e p  13 ( f i n a l )
V a r i a b l e s  n o t  i n c l u d e d ;  C and G,
U - s t a t i s t i c  = ,07  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P <.1%)
F m a t r ix  i n d i c a t e d  t h a t  a l l  g ro u p  means w ere  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%) from  each  o t h e r .
One sp ec im en  from  each  o f  t h e  N . s c u t a t u s  sam p les  c l a s s i f i e d  w i th  
the  S t r a t t o n  A ud ley  g ro u p  by p o s t e r i o r  p r o b a b i l i t y .  A l l  S t r a t t o n  
Audley spec im ens  w ere  c l a s s i f i e d  c o r r e c t l y .
Both N . s c u t a t u s  g ro u p s  c o n t a i n  homeomorphs o f  th e  o l d e r  N . l a t i p o r u s  
s a m p le ,b u t  each  g ro u p  was e q u a l l y  d i f f e r e n t  from  each  o t h e r .
To t e s t  t h i s  f u r t h e r , t h e  S t r a t t o n  A udley  sam ple  was in c lu d e d  
in  a d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  o f  a l l  t h e  m a jo r  N . s c u t a t u s  
g ro u p s .  F i g u r e  6 ,7  shows th e  c a n o n ic a l  v a r i a t e  p l o t  o f  75% o f  th e  
t o t a l  d i s p e r s i o n ;  compare w i t h  f i g , 5 , 8 ,  From t h i s  p l o t  i t  i s  s e e n  
t h a t  t h e  d i f f e r e n c e s  be tw een  th e  S t r a t t o n  A udley  and th e  v a r i o u s  
N .s c u t a tu s  sam p les  a r e  o f  t h e  same o r d e r  o f  m a g n i tu d e  à s t d i f f e r e n p è s s  
between sam p les  w i t h i n  t h e  N . s c u t a t u s  g r o u p in g s .  From th e  g roup  
p o s t e r i o r p r c b a b i l i t y  t a b l e  i t  was s e e n  t h a t  a g a in  S t r a t t o n  A udley  
i s  a  g ro u p  i n t o  w hich spec im ens  from  m ost o t h e r  g ro u p s  w ere  
c l a s s i f i e d ,  i n d i c a t i n g  t h a t  many N . s c u t a t u s  sam ples  c o n t a i n  spec im ens  
which a r e  homeomorphic o f  t h e  s t r a t i g r a p h i c a l l y  o l d e r  N . l a t i p o r u s ,
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St ep 14 ( f i n a l )
V a r ia b l e  n o t  i n c l u d e d ;  C.
F m a t r ix  i n d i c a t e d  t h a t  a l l  g ro u p  means w ere  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  ( P <  1%) from  a l l  o t h e r  g ro u p  m eans,
U - s t a t l s t i c  = .0 4  ( S i g n i f i c a n c e  o f  th e  i n e q u a l i t y  o f  g ro u p  m eans;
P < .1%)
This p a t t e r n  o f  d i s c r i m i n a t i o n  i s  t h e  same a s  f o r  e a r l i e r  com par isons  
which in c lu d e d  o n ly  f i v e  N . s c u t a t u s  g roups  ( s e e  C h .5 ,H ) .
I t  c an  t h e r e f o r e  be co n c lu d e d  from  th e  l a s t  two a n a ly s e s  
t h a t  N . l a t i p o r u s  sam p les  a r e  o n ly  a s  d i f f e r e n t  from  N .s c u t a t u s  
as i n f r a s p e c i f i c  sam p les  o f  N . s c u t a t u s  a r e  from  each  o t h e r .
I n  b i v a r i a t e  a n a l y s i s  o f  d i f f e r e n c e s  be tw een  re d u c e d  m a jo r  
axes o f  t h e  v a r i o u s  N . s c u t a t u s  and N . l a t i p o r u s  s a m p l e s , i t  i s  
d i f f i c u l t  t o  d i s t i n g u i s h  p a t t e r n s  o r  t r e n d s  a s  o n ly  p a i r s  o f  sam ples  
can be a n a ly s e d  a t  any  one t im e .  F i g . 6 ,8  t a b u l a t e s  c o m par isons  
of r e d u c e d  m a jo r  ax e s  f o r  A and t h e  im p o r t a n t  d i s c r i m i n a t i n g  
v a r i a b l e  L w i t h  a l l  o t h e r  v a r i a b l e s  be tw een  t h e  t h r e e  N . l a t i p o r u s  
and f i v e  N . s c u t a t u s  g r o u p s .  I n  g e n e r a l  te rm s t h e r e  a r e  a b o u t  th e  
same d e g re e s  o f  d i f f e r e n c e ,  be tw een  th e  g ro u p s  r e p r e s e n t i n g  th e  
two s p e c i e s  a s  d i f f e r e n c e s  w i t h i n  t h e  two s p e c i e s  (com pare  w i th  
f i g , 5 ,1 0  and f i g , 5 , 6 ) ,
A h i e r a r c h i c a l  a n a l y s i s  o f  a l l  N . l a t i p o r u s  and th e  T r o u v i l l e  
sample o f  N . s c u t a t u s  showed a p a t t e r n  o f  g ro u p in g  s i m i l a r  t o  t h a t  
shown by th e  T r o u v i l l e  sam ple  by i t s e l f  ( s e e  p . 134 ) , i n  t h a t  a 
c l u s t e r i n g  i n t o  "remote* and ' a d j a c e n t *  g ro u p s  was a c h ie v e d .  The 
p e n u l t im a te  c l u s t e r i n g  i n t o  2 g ro u p s  was t h e  l a s t  t o  show no g r e a t  
i n c r e a s e  i n  t h e  ' e r r o r *  v a lu e  o v e r  t h e  p r e v io u s  c l u s t e r i n g  and I t  
would n o r m a l ly  be supposed  t h a t  2 n a t u r a l  g r o u p in g s  w ere  p r e s e n t .
The p a t t e r n  o f  c l u s t e r i n g  w a s ,h o w e v e r , s e e n  to  be s i m i l a r  t o  t h a t
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a) V ariab le  A w ith  a l l  o ther v a r ia b le s
Hydrequent Strat.Aud. Talant
A. 0 1 2
B. 3 1 1
C. 11 12 11
D. 1 2 1
A. 1 2 2
B. 1 0 1
C. 12 12 11
D. 0 0 0
A. 1 2 2
B. 0 0 3
C. . 13 12 9
D. 1 0 0
A. 1 1 2
B. 2 0 1
C. 11 13 11
D. 0 0 0
A. 1 2 2
B. 3 0 3
C. 10 12 9
D. 0 0 • 0
Variable L with all other variables
Hydrequent Strat 0 Aud * Talant
A. 3 7 11
B. 0 0 0
C. 11 7 3
D. 1 2 0
A. 5 5 7
B. 0 0 0
Co 9 9 7
Do 0 0 1
Ao 2 8 12
Bo 0 0 0
Co 12 6 2
Do 1 0 1
A. 4 8 8
B. 1 0 0
Co 9 6 6
Do 0 0 0
Ao 3 7 11
Bo 2 0 0
Co 9 7 3
Do 0 0 0
Bran Point
Cothill
Trouville
W, Bassett
Upware
Bran Point
Cothill
Trouville
W, Bassett
Upware
Figure 6,8. Comparison of reduced major axes between five
RcntAtus samples and three N.latiporus samples 
Key as for fig. 5*10.
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of t h e  p r e v io u s  T r o u v i l l e  a n a l y s i s , t h e  T r o u v i l l e  spec im ens  g e n e r a l l y  
f a l l i n g  i n t o  t h e  same g r o u p s .  I n  t h i s  a n a l y s i s  i t  was s e e n  t h a t  
the  N . l a t i p o r u s  spec im ens  l i k e w i s e  f e l l  i n t o  one  o f  t h e s e  two 
groups r a t h e r  t h a n  i n t o  a  s e p a r a t e  g r o u p , a n d , t h e  m a j o r i t y  f e l l  i n t o  
th e  ' a d j a c e n t *  g ro u p  as  p r e v i o u s l y  d e f in e d  ( p ,1 3 6  ) .  Only  spec im en
164 from  H y d r e q u e n t ,014 from  S t r a t t o n  A udley  and spec im ens  PI and 
P2 from  T a l e n t  w ere  g rouped  w i th  t h e  ' r e m o t e ' f o r m s .
I t  a p p e a r s  t h a t  g ro u p s  a r e  n o t  e s t a b l i s h e d  by a s s o c i a t i n g  
specim ens o f  s i m i l a r  g e o g r a p h i c , s t r a t i g r a p h i e  o r  s e d im e n ta ry  
o r i g i n .
I n  a f i n a l  d i s c r i m i n a n t  a n a l y s i s  two g ro u p s  w ere  form ed 
of a l l  sp ec im en s  from  w i t h i n  t h e  two s p e c i e s .  T h a t  i s , a l l  spec im ens  
from th e  f i v e  N . s c u t a t u s  sam p les  w ere  c h a r a c t e r i s e d  a s  ' s c u t a t u s *  
cases  and th e  N . l a t i p o r u s  sam p les  w ere  s i m i l a r l y  d i s t i n g u i s h e d .  I n  
t h i s  a n a l y s i s  t h e  p a t t e r n  o f  d i s c r i m i n a t i o n  was c o m p le te ly  d i f f e r e n t  
prcm e a r l i e r  r u n s  a s  now g e n e r a l i s e d  d i f f e r e n c e s  be tw een  th e  s p e c i e s  
were s o u g h t  r a t h e r  t h a n  s p e c i f i c  d i f f e r e n c e s  be tw een  s a m p le s .
S te p  4
V a r ia b l e s  B,N4,C and I  e n t e r e d ,
F m a t r ix  i n d i c a t e d  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P  ^  1%) betw een 
both g ro u p  m eans.
S te p  16 ( f i n a l )
V a r ia b le  n o t  e n t e r e d ;  C (rem oved a t  s t e p  16 )
U - s t a t i s t i c  = .61 ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  m eans;
P <  ,17.)
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  10%
F o r  th e  f i r s t  t im e  m easu rem en ts  o f  t h e  g r o s s  m orphology 
of th e  t e s t  w ere  u sed  a s  im p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e s ,  
N . l a t i p o r u s  te n d s  to  be more s t r e a m l i n e d  b u t  more domed th a n  t y p i c a l
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N .s c u t a t u s  s p e c im e n s ,
t e s t s  o f  M ahalanob is  d i s t a n c e s  be tw een  each  spec im en  
and th e  two g roup  means r e v e a l e d  t h a t  few spec im ens  had a low 
p r o b a b i l i t y  (P  < 1%) o f  b e lo n g in g  t o  th e  wrong s p e c i e s  w h i l s t  n o t  
be ing  a s i g n i f i c a n t  d i s t a n c e  (P > 5%) from  th e  c o r r e c t  g roup  mean.
For e x a m p le ,w i th in  t h e  N . s c u t a t u s  g r o u p ,f ro m  a t o t a l  o f  145 spec im ens  
a n a l y s e d ,o n l y  f o u r  spec im ens  f u l f i l l e d  th e  above  c r i t e r i a  w h i l s t  
a f u r t h e r  two spec im ens  had a low p r o b a b i l i t y  (P  < 1%) o f  b e lo n g in g  
to  t h e  N . s c u t a t u s  g ro u p  b u t  w ere  n o t  b e in g  a s i g n i f i c a n t  d i s t a n c e  
(P > 1%) from  th e  N . l a t i p o r u s  g roup  mean.
F i g u r e  6 ,9  i s  a p l o t  o f  t h e  f i r s t  two c a n o n ic a l  v a r i â t e s  
r e p r e s e n t i n g  100% o f  t h e  t o t a l  d i s p e r s i o n .  No s i g n i f i c a n t  s e p a r a t i o n  
i s  a c h ie v e d  be tw een  th e  g ro u p s  and o v e r l a p  i s  a t  a  s i m i l a r  s c a l e  
to  t h a t  shown to  e x i s t  be tw een  sam p les  from  w i t h i n  t h e  N . s c u t a t u s  
p le x u s ,
6G) C l a s s i f i c a t i o n  o f  N.LATIPORUS a c c o r d in g  t o  t y p e s .
S te p w is e  D i s c r i m i n a n t  A n a n ly s i s  i s  o n ly  a b l e  t o  d i s c r i m i n a t e  
between sam p les  c o m p r is in g  two o r  more s p e c im e n s .  S i n g le  h o lo ty p e s  
c anno t  t h e r e f o r e  be t r e a t e d  a s  sam ples  i n  t h e  a n a l y s i s  u n l e s s  t h e  
' c l a s s i f i c a t i o n *  p r o c e d u r e  i s  a d o p te d .  By t h i s  method th e  h o l o t y p e s ,  
o r  any  o t h e r  g ro u p  d e s i g n a t e d  i n  t h e  program rn ,are  o m it te d  from  th e  
s te p w is e  d i s c r i m i n a t i n g  p r o c e d u re s  s o  t h a t  g roups  a r e  form ed i n  
the  u s u a l  m anner .  D ur ing  t h e  f i n a l  s te p ,w h e n  th e  g ro u p  p r o b a b i l i t i e s  
a re  c a l c u l a t e d , t h e  h o l o ty p e s  a r e  t h e n  p la c e d  by th e  program  w i t h i n  t h e  
e x i s t i n g  g ro u p  to  w hich th e y  a r e  m ost l i k e l y  t o  be members. I n  
t h i s  way t h e  sp ec im en  i s  c l a s s i f i e d  by r e f e r e n c e  t o  t h e  mean o f  
a g ro u p  o f  s p e c im e n s .  I n  c o n t r a s t , n o r m a l  t y p o l o g i c a l  p r o c e d u re  
compares a l l  spec im ens  i n d i v i d u a l l y  t o  t h e  h o l o ty p e .  A lthough  th e
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com puter c o m p ar iso n  i s  n o t  c a r r i e d  o u t  i n  t h e  norm al t y p o l o g i c a l  
m a n n e r , th i s  m ethod does  a l lo w  a sam ple  as  a w ho le  t o  be compared 
to  a s i n g l e  ty p e  sp ec im en .
To be r e a s o n a b ly  s u r e  t h a t  a h o lo ty p e  i s  more c h a r a c t e r i s t i c  
of one g ro u p  th a n  any  o t h e r , i t  i s  n e c e s s a r y  t h a t  t h e  g ro u p s  be 
o r i g i n a l l y  d i s t i n c t i v e , a n d  t h i s  i s  n o t  s t r i c t l y  t h e  c a s e  betw een  
N . s c u t a t u s  and N . l a t i p o r u s  ( s e e  p re v io u s  a n a l y s i s ) ,  Homeomorphy 
does o c c u r  i n  some s p e c im e n s , b u t £ t h i s  i s  u s u a l l y  o n ly  a b o u t  10% 
of th e  sam p les  and t h e r e  i s  u s u a l l y  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  
(P < 1%) be tw een  g roup  m eans.
B e a r in g  t h e s e  l i m i t a t i o n s  i n  m in d , t h e  ty p e  spec im ens  o f  
S m ith ,d 'O r b ig n y  and A g a s s iz  w ere  c l a s s i f i e d  w i t h  r e f e r e n c e  t o  t h e  
c o l l e c t e d  sam p les  o f  N . s c u t a t u s  and N . l a t i p o r u s , I n  some c a s e s  
specim ens w ere  c l a s s i f i e d  i n d i v i d u a l l y  i n  s e p a r a t e  a n a ly s e s  so  t h a t  
a l l  v a r i a b l e s  m easured  on each  spec im en  c o u ld  be f u l l y  u t i l i z e d  
every  t im e .
Sm ith  m ust  be c o n s id e r e d  t o  be t h e  a u t h o r  o f  t h e  name 
N . c l u n i c u l a r i s  ( s e e  p, 62 S y s te m a t ic  P a l a e o n t o l o g y ) ,  H is  h o lo ty p e  
(BkM, No,E 495) i s  from  t h e  C o r a l l i a n  o f  C o l e s h i l l  on t h e  W i l t s h l r e -  
O x fo rd s h i r e  b o r d e r ,w h ic h  i s  p o s s i b l y  t h e  l o c a l i t y  o f  C o l t s w e l l  
m entioned by Llhwyd (Llhwyd 1 6 9 8 ,N o,989) i n  h i s  o r i g i n a l  d e s c r i p t i o n  
of E c h i n i t e s  c l u n i c u l a r i s . H o w e v er , th e  sp ec im en  h a s  a l l  t h e  c h a r a c t e r s  
of N . s c u t a t u s  b e in g  f l a t t e n e d  a b o r a l l y , h a v i n g  a  deep  p o s t e r i o r  
g ro o v e ,an d  p e r i p r o c t  w e l l  removed from  th e  a p i c a l  d i s c .  S m i th 's  
Cornbrash  and I n f e r i o r  O o l i t e  p a r a ty p e s  a p p e a r  t o  be good spec im ens  
of *N , c l u n i c u l a r i s  * au c to ru m .
I t  i s  p o s s i b l e  t o  m easu re  o n ly  12 v a r i a b l e s  on S m i th 's  
h o l o t y p e , t h e  p e r i p r o c t  b e in g  i n f i l l e d  w i th  m a t r i x .  V a r i a b l e s  I , L  and 
N4 a r e  t h e r e f o r e  o m i t t e d .  T hese  v a r i a b l e s  a r e  i m p o r ta n t  i n  d i s t i n g u i s h i n g
181
between N.scutatus and N.latiporus and b e c a u se  t h e s e  v a r i a b l e s  a r e  
om it ted  t h e  T r o u v i l l e  sam ple  was found to  be o n ly  p r o b a b ly  s i g n i f i c a n t l y  
d i f f e r e n t  (1% < P < 5%) from  th e  o t h e r  3 sam p les  i n  t h e  d i s c r i m i n a n t  
a n a l y s i s .  H o w e v e r , th e  U - s t a t i s t i c , a t  , 4 3 , i n d i c a t e s  t h a t  t h e  g roups  
as a w hole  w ere  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  ,1% l e v e l .  The 
h o lo ty p e  i s  shown t o  l i e  v e r y  c l o s e l y  t o  t h e  g ro u p  mean o f  t h e  
T r o u v i l l e  sam ple  ( F i g , 6 ,1 0 )  and was c l a s s i f i e d  i n t o  t h i s  g ro u p  i n  
the p o s t e r i o r  p r o b a b i l i t y  t a b l e .  D ata  f o r  th e  l i k e l i h o o d  o f  b e lo n g in g
to a p a r t i c u l a r  g ro u p  a r e  T r o u v i l l e  91%,H y d re q u e n t  5% and S t r a t t o n  
Y 2Audley 4%, A A t e s t  o f  t h e  M ahalanob is  d i s t a n c e  o f  t h e  spec im en  
from each  g ro u p  mean showed a low p r o b a b i l i t y  (P  < 5%) o f  S m i t h 's  
h o lo ty p e  b e lo n g in g  to  e i t h e r  t h e  S t r a t t o n  A udley  o r  H y drequen t  
samples and a v e r y  low p r o b a b i l i t y  (P= ,2%) o f  b e lo n g in g  to  t h e  
T a lan t  s a m p le .  No s i g n i f i c a n c e  (P > 10%) c an  be  a t t a c h e d  to  i t s  
d i s t a n c e  from  t h e  T r o u v i l l e  ë am p le .  T h is  t h e r e f o r e  c o n f i rm s  th e  
s u b j e c t i v e , t y p o l o g i c a l  and s t r a t i g r a p h i e  e v id e n c e  t h a t  S m i th 's  
h o lo ty p e  o f  N . c l u n i c u l a r i s  i s  a t r u e  N . s c u t a t u s  Lamarkk
The ' c l a s s i f i c a t i o n '  p r o c e d u re  was c o n t in u e d  w i th  t h r e e  
p a ra ty p e s  from  S m i t h ' s  c o l l e c t i o n .  The p a r a t y p e  from  th e  C o rn b rash  
of Trowle (B,M, No,E572) was c l a s s i f i e d  u s in g  a l l  15 v a r i a b l e s .
This r e s u l t e d  i n  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P < 1%) be tw een  
the N . s c u t a t u s  and N . l a t i p o r u s  g roups  as  w e l l  a s  be tw een  th e  
T a lan t  and H ydrequen t  sam p les  and a p r o b a b le  s i g n i f i c a n t  d i f f e r e n c e  
(1%< P < 5%) be tw een  t h e  S t r a t t o n  A udley  and T a l a n t  s a m p le s .
The T row le  specimemjwas c l a s s i f i e d  w i th  t h e  C o rn b ra sh  S t r a t t o n  
Audley s a m p l e , t h e  r e s u l t s  b e in g  S t r a t t o n  A ud ley  99%,H ydrequen t  1%,
A t e s t  o f  t h e  M ahalanob is  d i s t a n c e  o f  t h e  sp ec im en  from  each  
group mean showed a v e r y  low p r o b a b i l i t y  (P  < ,1%) o f  t h e  spec im en  
be long ing  t o  e i t h e r  t h e  T r o u v i l l e  o r  T a l a n t  s a m p le s ,a n d  a low
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p r o b a b i l i t y  (17. < P < 5%) o f  b e lo n g in g  to  t h e  H y d req u en t  sam p le .
No s i g n i f i c a n c e  (P  > 207.) can  be a t t a c h e d  t o  i t s  d i s t a n c e  from  th e  
S t r a t t o n  A ud ley  sa m p le .
The p a r a t y p e  from  t h e  C o rn b rash  o f  W raxha ll  (B.M. N o .E S l l ) ,  
u s ing  14 v a r i a b l e s  as  E i s  m is s in g ,w a s  a l s o  c l a s s i f i e d  w i th  S t r a t t o n  
Audley s a m p l e , t h e  r e s u l t s  b e in g  S t r a t t o n  A udley  100%. However t h e  
p r o b a b i l i t y  o f  t h i s  spec im en  b e lo n g in g  t o  any  o f  t h e  g roups  p r e s e n t  
was v e r y  l o w ,b e in g  a t  t h e  .1% l e v e l  f o r  S t r a t t o n  A udley  and lo w er  
than .1% f o r  t h e  r e m a in in g  t h r e e  g r o u p s .
F i n a l l y  t h e  B a jo c ia n  p a r a ty p e  f rom  C h u r c h i l l  (B.M. N o .E 564), 
u s ing  o n ly  11 v a r i a b l e s  w i th  E , I , L  and N4 m is s in g ,w a s  c l a s s i f i e d  
with  t h e  m id d le  B a th o n ia n  H y d re q u e n t  s a m p l e , t h e  f i g u r e s  b e in g  
H ydrequent 39%,T r o u v i l l e  38%,S t r a t t o n  A ud ley  23%, S i m i l a r l y  t h e  
p r o b a b i l i t y  o f  t h e  spec im en  b e lo n g in g  to  any  o f  th e  g roups  p r e s e n t  
i s  h ig h  (P  > 2 0% ),e x c e p t  f o r  t h e  T a l a n t  sam ple  (P < .5% ). The l a t t e r  
f i g u r e s  o f  t h e  g ro u p  p r o b a b i l i t y  f o r  t h e  C h u r c h i l l  specim ens  
a re  v e ry  c l o s e l y  b a l a n c e d ,a s  w i th  o n ly  11 v a r i a b l e s  no s i g n i f i c a n t  
s e p a r a t i o n  i s  a c h ie v e d  be tw een  th e  v a r i o u s  g r o u p s .
From t h i s  method i t  i s  s e e n  t h a t  each  o f  S m i t h 's  specim ens  
can be c l a s s i f i e d  by p o s t e r i o r  p r o b a b i l i t y  w i t h  a  sam ple  from  a 
s t r a t i g r a p h i e  h o r i z o n  o f  a s i m i l a r  a g e .  Each spec im en  was a s s ig n e d  
to i t s  a g e  g ro u p  w i t h i n  t h e  f i r s t  two s t e p s  o f  t h e  p r o c e d u r e .
A ll o f  S m i t h ' s  spec im ens  u s e d  i n  t h e  a n a l y s i s  e x c e p t  t h e  h o l o ty p e ,  
were a l s o  shown t b  be spec im ens  o f  N . l a t i p o r u s  as  d e f i n e d  h e r i n .
An A g a s s iz  c a s t  o f  t h e  ty p e  sp ec im en  o f  N . l a t i p o r u s  A g a s s iz  
was m easu red  i n  o r d e r  t o  a s c e r t a i n  i t s  s i m i l a r i t y  to  t h e  t h r e e  
c o l l e c t e d  sam p les  o f  N . l a t i p o r u s , a l t h o u g h  a l l  spec im ens  a p p e a r  t o  
be c o n s p e c i f i c  w i t h  A g a s s i z '  o r i g i n a l  d e s c r i p t i o n  and f i g u r e s  
( A g a s s i z ,1 8 3 9 ) .  No d e t a i l e d  m easu rem en ts  o f  t h e  p e r i p r o c t  o r  a p i c a l
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d i s c  a r e  p o s s i b l e  from  th e  c a s t  and t h e r e f o r e  v a r i a b l e s  D ,I ,L ,N 3  and 
N4 w ere  o m i t t e d .  The same groups  as  th o s e  employed w i t h  S m i th 's  
h o lo ty p e s  a r e  used  i n  t h i s  a n a l y s i s , b u t  a s  o n ly  10 v a r i a b l e s  w ere  
used t h e  g ro u p s  w e r e , a t  t h e  m o s t ,o n ly  p r o b a b ly  s i g n i f i c a n t l y  
d i f f e r e n t  (1% < P < 5%). The ty p e  spec im en  was c l a s s i f i e d  a s  
S t r a t t o n  A ud ley  87%,T r o u v i l l e  11% and H y d re q u e n t  2%,
I n  t h e  c l a s s i f i c a t i o n  o f  d 'O r b i g n y ' s  ty p e s  a l l  15 v a r i a b l e s  
were u t i l i z e d , t h e  N .e lo n g a tu s  specim ens  ( s e e  l a t e r  a n a l y s i s )  a l s o  
being i n c lu d e d  a s  d 'O r b i g n y ' s  N .ob longus  sp ec im en  b e a r s  a  s u p e r f i c i a l  
re se m b la n c e  to  t h i s  s p e c i e s .
A l l  t h e  p a i r s  o f  g ro u p  means a r e  a t  l e a s t  p r o b a b ly  s i g n i f i c a n t l y  
( P<  5%) d i f f e r e n t  a t  t h e  end o f  t h e  a n a l y s i s  w i t h  t h e  e x e p t io n  
of t h e  S t r a t t o n  A ud ley  and H y d req u en t  sam p les  (P > 5%), F ig u r e  6 ,11  
t a b u l a t e s  f i r s t l y , t h e  d e g re e  o f  p r o b a b i l i t y  o f  each  spec im en  
be lo n g in g  t o  a p a r t i c u l a r  g ro u p  by p o s t e r i o r  p r o b a b i l i t y  and 
s e c o n d ly ,a  X ^ t e s t  o f  t h e  s p e c im e n s '  d i s t a n c e  t o  each  g ro u p  mean.
Most o f  d 'O r b i g n y ' s  ty p e  c o l l e c t i o n , t h e r e f o r e  f a l l s  w i t h i n  
the  bounds o f  N . l a t i p o r u s  a s  d e f i n e d  h e r e i n , r a t h e r  t h a n  w i th  th e  
c l o s e l y  r e l a t e d  N . s c u t a t u s  o r  N . e l o n g a t u s , However spec im ens  o f  
N .oblongus and t h e  "accom pany ing  spec im en"  o f  N . c l u n i c u l a r i s  from  
Saône e t  L o i r e  a p p e a r  t o  be v e r y  u n l i k e  any  o f  th e  g ro u p s  sam pled 
in  th e  p r e s e n t  w ork .
I t  h a s  b een  shown t h a t  S m i th 's  h o lo ty p e  o f  N . c l u n i c u l a r i s  
i s  s t r a t i g r a p h i c a l l y , m o r p h o l o g i c a l l y  and s t a t i s t i c a l l y  a  spec im en  o f  
N .s c u ta tu s  L am arck ,and  t h e r e f o r e  t h e  name N . c l u n i c u l a r i s  i s  a  
ju n io r  s u b j e c t i v e  synonym o f  N . s c u t a t u s  ( s e e  p . 63 ) ,  S m i th 's
p a r a ty p e s ,  A g a s s i z ' s  N . l a t i p o r u s  and d 'O r b i g n y ' s  ty p e  spec im ens  
a re  a l l  shown to  be s t a t i s t i c a l l y  s i m i l a r  t o  sam p les  c o l l e c t e d  
from m id d le  J u r a s s i c  s t r a t a  and t h a t  t h e y  a r e  p ro b a b ly  a l l  c o n s p e c i f i c .
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N. l a t i p o r u s  A g a s s iz  i s  t h e  f i r s t  v a l i d  name u n d e r  t h e  r u l e s  o f  t h e
I.C.Z.N., 1 5 th  S e s s i o n , f o r  th e  s p e c i e s  ( s e e  p. 64 ),
6H) C o n c lu s io n s
/
M u l t i v a r i a t e  c o m par isons  be tw een  th e  t h r e e  sam p les  o f  
N . l a t i p o r u s  show no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  sam ples  
d e s p i t e  l a r g e  s e p a r a t i o n  i n  s t r a t i g r a p h i e  age  and g e o g ra p h ic  
p o s i t i o n .  The a p p a r e n t  s i m i l a r i t y  betw een th e  g roups  m ay ,how ever, 
be a  f u n c t i o n  o f  s m a l l  sam ple  s i z e .  I n d e e d ,a  b i v a r i a t e  c o m p a r iso n  
of r e d u c e d  m a jo r  ax e s  showed t h a t  d i f f e r e n c e s  be tw een  sam ples  
a re  a t  l e a s t  a s  g r e a t  a s  t h e  d i f f e r e n c e s  p roved  be tw een  th e  f i v e  
N .s c u t a tu s  s a m p le s .  These  d i f f e r e n c e s  may be c o r r e l a t e d  w i t h  t h e  
s t r a t i g r a p h i e  a g e  o f  t h e  s a m p le .  The re d u c e d  m a jo r  a x i s  l e n g t h  
w ith  b r e a d t h  v a r i e s  c o n s i s t e n t l y  be tw een  a l l  t h r e e  s a m p l e s , i n d i c a t i n g  
d i f f e r e n c e s  i n  s t r e a m l i n i n g  o f  th e  t e s t  w i th  t im e .
A l th o u g h  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  be tw een  N . s c u t a t u s  
and N . l a t i p o r u s  sam p les  t h e s e  d i f f e r e n c e s  a r e  o f  t h e  same ty p e  
and o r d e r  a s  t h o s e  shown to  o c c u r  w i t h i n  N . s c u t a t u s  i t s e l f .  T here  
i s  o v e r l a p  w i t h i n  and be tw een  s p e c i e s  w h i l s t  t h e  s i z e  and p o s i t i o n  
of t h e  p e r i p r o c t  a r e  a g a i n  t h e  m ain  d i s c r i m i n a t i n g  c h a r a c t e r s .  
D i f f e r e n c e s  be tw een  s p e c i e s  a r e  o f  t h e  same o r d e r  and m ag n i tu d e  
as d i f f e r e n c e s  be tw een  sam p les  w i t h i n  s p e c i e s .  Samples o f  N . l a t i p o r u s  
a r e , a c c o r d i n g l y , p l a c e d  i n  a  c o r r e c t  p o s i t i o n  r e l a t i v e  t o  g r a i n  
s i z e  w i t h i n  t h e  fram ew ork  p r e v i o u s l y  c o n s t r u c t e d  f o r  N . s c u t a t u s  
( p e r i p r o c t  and g r a i n  s i z e  d im e n s io n s  a r e  v e r y  s i m i l a r  be tw een  
T r o u v i l l e  and S t r a t t o n  A ud ley  s a m p le s ) .
D i r e c t  c o m p a r iso n  be tw een  th e  two s p e c i e s  r e v e a l s  no 
s i g n i f i c a n t  s e p a r a t i o n , w i t h  homeomorphy b e in g  e v i d e n t  even  i n  15 
d im e n s io n s .  T h e re  i s  no s i n g l e  c h a r a c t e r  o r  g ro u p  o f  v a r i a b l e s
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t h a t  c a n  be used  to  d i s t i n g u i s h  N . s c u t a t u s  from  N . l a t i p o r u s  
a l th o u g h  th e  a v e r a g e  spec im ens  from  each  s p e c i e s  a r e  c l e a r l y  
d i s t i n c t .  A ga in  v a r i a b l e  B , b r e a d t h , i s  t h e  m ost i m p o r ta n t  d i s c r i m i n a t i n g  
v a r i a b l e  i n d i c a t i n g  t h a t  N . l a t i p o r u s  i s  g e n e r a l l y  c h a r a c t e r i s e d  
by a more s t r e a m l in e d  t e s t  th a n  th e  o v a te  N . s c u t a t u s .
I n  g e n e r a l  t e r m s , t h e r e  i s  c o n f l i c t i n g  e v id e n c e  c o n c e rn in g  
the  s c a l e  o f  d i f f e r e n c e  be tw een  sam ples  from  w i t h i n  t h e  two s p e c i e s .  
D i s c r im in a n t  f u n c t i o n  a n a l y s i s  i n d i c a t e s  t h a t  no s i g n i f i c a n t  
d i f f e r e n c e  e x i s t s  be tw een  sam p les  o f  N . l a t i p o r u s  b u t  t h a t  sam ples  o f  
N .s c u t a tu s  a r e  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  ( i . e .  N . s c u t a t u s  
has h i g h e r  i n f r a s p e c i f i c  v a r i a b i l i t y ) .  Com parisons o f  r e d u c e d  m a jo r  
a x e s ,h o w e v er ,sh o w  h i g h e r  d e g r e e s  o f  d i f f e r e n c e  be tw een  sam ples  o f  
N . l a t i p o r u s  t h a n  b e tw een  sam p les  o f  N . s c u t a t u s  ( i . e .  t h e  c o n v e r s e ,  
t h a t  N . l a t i p o r u s  h as  h i g h e r  i n f r a s p e c i f i c  v a r i a b i l i t y ) .  A g r e a t e r  
e q u a l i t y  i n  numbers o f  sp ec im en s  i s ,h o w e v e r ,n e e d e d  to  d e te r m in e  
w hether  t h i s  a p p a r e n t  d i s c r e p a n c y  i s  t h e  r e s u l t  o f  d i f f e r e n t  
s t a t i s t i c a l  m e th o d o lo g y  o r  d i f f e r e n c e s  in .  aam ple  S i a e .
O v e r a l l  d i f f e r e n c e s  be tw een  t h e  two s p e c i e s  do n o t  seem to  
be g r e a t .  See  C h a p te r  10 f o r  a  d i s c u s s i o n  o f  t h e s e  d i f f e r e n c e s  
in  c o m p a r iso n  w i th  o t h e r  s p e c i e s .
From c o m p a r iso n  o f  v a r i o u s  ty p e  m a t e r i a l  w i th  sam ples  c  
c o l l e c t e d  by t h e  a u t h o r , N . l a t i p o r u s  A g a s s i z , 1 8 3 9 ,a p p e a r s  to  be t h e  
c o r r e c t  name f o r  t h i s  g ro u p  o f  n u c l e o l i t i d  e c h i n o i d s .
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CHAPTER 7 -  BIOMETRICS OF SOME OTHER .JURASSIC NIICLEQLITIDS
7 A) Introduction
N .s c u t a t u s  i s  th e  genotype and m ost common u p p e r  J u r a s s i c  
s p e c ie s  o f  Nucleoli t e s . N.latiporus i s  t h e  m ost common and w id e sp re a d  
m iddle  J u r a s s i c  N u c le o l i  t e s , Lam bert & T h ie ry  (1921 )  l i s t  i n  a d d i t i o n  
67 o t h e r  s p e c i e s  w hich  would be a s c r i b e d  to  Nucleolit e s  ( s e n s u  
K ie r ,1 9 6 2 ) .  Most o f  t h e s e  a r e  r a r e ;  w ere  o b ta in e d  from  r o c k s  no 
lo n g e r  exposed ;  w ere  o b t a in e d  from  l o c a l i t i e s  to o  v a g u e ly  d e f in e d  
to be l o c a t e d  and v i s i t e d  f o r  f u r t h e r  c o l l e c t i o n ;  o r  do n o t  o c c u r  
in  N.W ,Europe.
Samples o f  J u r a s s i c  s p e c i e s  i n  a d d i t i o n  to  N . s c u t a t u s  and 
N . l a t i p o r u s  w e r e ,h o w e v e r , c o l l e c t e d  by th e  a u t h o r  and t h e s e  a r e  
an a ly se d  below . They i n c l u d e  th e  e n d o c y c l i c  (an d  t h e r e f o r e  p r i m i t i v e )  
N .e lo n g a tu s , th e  o r b i c u l a r  ( c l y p e i f o r m )  N .a m p lu s , N.woodwardii and 
N .b u rg u n d ia e , t o g e t h e r  w i th  N .m ic ra u lu s  w hich  h a s  t h e  p e r i p r o c t  
w e ll  s e p a r a t e d  from  t h e  a p i c a l  d i s c  ( p o s s i b l y  an  advanced  e v o lu t i o n a r y  
c h a r a c t e r ) .  A ra n g e  o f  p o t e n t i a l l y  s i g n i f i c a n t  m o rp h o lo g ie s  i s  
t h e r e f o r e  i n c l u d e d .
F o u r  o f  t h e  s p e c i e s  ( N . e l o n g a t u s , N .a m p lu s , N .w oodw ard !i ,
N .b u rg u n d ia e ) a r e  o f  m id d le  J u r a s s i c  a g e ,o n e ( N .m ic r a u lu s ) o f  
upper J u r a s s i c  a g e .  N .e lo n g a tu s  i s  c o n s id e r e d  f i r s t  s i n c e  i t  i s  
both a p r i m i t i v e  fo rm  and fo u n d  i n  a s s o c i a t i o n  w i th  N . l a t i p o r u s , 
j u s t  d e s c r i b e d ,  A sam ple  o f  N.am plus i s  t h e n  a n a ly s e d  s i n c e  t h i s  
i s  t h e  l a r g e s t  sam ple  r e p r e s e n t a t i v e  o f  a s i m i l a r l y  m id d le  J u r a s s i c ,  
but o r b i c u l a r  s p e c i e s .  N .w oodw ard ii  and N .b u rg u n d ia e  a r e  a n a ly s e d  
s u b s e q u e n t ly  i n  d e c r e a s i n g  o r d e r  o f  sam ple  s i z e .  F i n a l l y , a n a l y s i s  
i s  made o f  th e  u p p e r  J u r a s s i c  N .m ic ra u lu s  sa m p le .
F i g . 7 ,1  i s  a  summary o f  a n a ly s e s  c a r r i e d  o u t  i n  t h i s  c h a p t e r .
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7 B) NUCLEOLITES ELONGATUS
1 .  I n t r o d u c t i o n
T h is  m id d le  J u r a s s i c  s p e c i e s  i s  r e p r e s e n t e d  i n  t h e  p r e s e n t  
s tu d y  by s e v e n  spec im ens  found  w i th  t h e  N . l a t i p o r u s  sam p le  o f  
S t r a t t o n  A udley  and o r i g i n a l l y  c o n s id e r e d  t o  be a d u l t  specim ens  
of t h i s  l a t t e r  s p e c i e s .  M e rc ie r  (1932 )  and F i s h e r  (1 9 6 9 )  c o n s id e r e d  
N .e lo n g a tu s  t o  be o n ly  a v a r i e t y  o f  N . l a t i p o r u s , b u t  i t  i s  shown 
h e re  t h a t  t h e  m o rp h o lo g ic a l  and g row th  c h a r a c t e r i s t i c s  i n d i c a t e  
t h a t  b o th  a r e  p r o b a b ly  t r u e  s p e c i e s .  I n d e e d ,J e s io n e k -S z y m a n s k a  (1968 )  
has shown t h e  two s p e c i e s  to  be a t  q u i t e  d i f f e r e n t  l e v e l s  o f  
e v o lu t io n a r y  advancem ent i n  t h e  t r a n s i t i o n  from  th e  e n d o c y c l i c  
to  e x o c y c l i c  c o n d i t i o n  i n  i r r e g u l a r  e c h i n o i d s .  B io m e t r i c a l  a n a l y s i s  
s u p p o r t s  Je s io n e k -S zy m a n sk a  (1968 )  i n  t h a t  N .e lo n g a tu s  i s  c o n s id e r e d  
to  be q u i t e  d i s t i n c t  from  o t h e r  s p e c i e s  s t u d i e d  i n  t h e  p r e s e n t  w ork .
Two o t h e r  spec im ens  w ere  s u b s e q u e n t ly  found  to  be s i m i l a r  
to  t h e  N .e lo n g a tu s  specim ens  o f  S t r a t t o n  A u d le y .  The f i r s t  sp e c im en ,  
number 0 6 7 ,was found  w i th  t h e  S ig n y  1 ’Abbaye sam ple  o f  N.amplus 
( s e e  p . 202 f o r  l o c a l i t y  d a t a ) .  The second  numbered 068 i n  t h e  
p r e s e n t  s t u d y , i s  a  spec im en  l a b e l l e d  N .e lo n g a tu s  from  B a n v i l l e ,  
Calvados from  t h e  Lam bert C o l l e c t i o n , P a r i s , t h e  age  a l s o  p ro b a b ly  -  
be ing  u p p e r  B a th o n ia n .
2 .  Com parison  w i th  N.LATIPORUS o f  S t r a t t o n  A udley
F o r  a n  e v a l u a t i o n  o f  t h e  S t r a t t o n  A udley  sam ple  u s in g
component and c l u s t e r  a n a l y s i s  s e e  p ,163  .
U s in g  t h e  g ro u p in g s  form ed by th e  above  a n a l y s i s , r e d u c e d  
m ajor a x i s  c o e f f i c i e n t s  f o r  t h e  two s p e c i e s  w ere  compared t o  show 
the  number o f  s lo p e s  t h a t  c an  be p roved  t o  be s i g n i f i c a n t l y  
d i f f e r e n t .  T h is  e s t i m a t i o n  o f  t h e  d i f f e r e n c e s  betw een th e  g roups
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was n o t  e x p e c te d  t o  show r e l i a b l y  t h e  t o t a l  number o f  a x e s  t h a t  
a re  d i f f e r e n t  a s  o n ly  a s m a l l  number o f  spec im ens  i i  i n v  o lv e d  
and th e  c o n f i d e n c e  i n t e r v a l s  o f  t h e  c o e f f i c i e n t s  a r e  c o r r e s p o n d i n g l y  
l a r g e .  T h is  n e c e s s i t a t e s  a  g r e a t e r  d i s t i n c t i o n  betw een  th e  g ro u p s  
f o r  a  g iv e n  p r o b a b i l i t y  l e v e l  t h a n  i f  a l a r g e r  number o f  spec im ens  
i j  u s e d .  I t  s h o u ld  a l s o  be n o te d  t h a t  a s  ; th e  two s p e c i e s  w i t h i n  
th e  S t r a t t o n  A ud ley  sam ple  a r e  d i s t i n g u i s h e d  m a in ly  by s i z e , a  
d i s c r i m i n a n t  a n a l y s i s  would n o t  be t o t a l l y  s a t i s f a c t o r y  a s  t h i s  
method u s e s  a b s o l u t e  v a lu e s  and n o t  g row th  t r e n d s  t o  d i s c r i m i n a t e  
between g r o u p s .
From t h e  b i v a r i a t e  a n a ly s e s  o f  r e d u c e d  m a jo r  a x e s  co m p a r iso n s  
i t  was s e e n  t h a t  f o r  A w i t h  a l l  o t h e r  v a r i a b l e s  s i x  s lo p e s  (A w i t h  
B,C,D,L,N1 and N3) w ere  a t  l e a s t  p r o b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  
(1% < P < 5%) be tw een  th e  two s a m p le s .  Only  one  p a i r  o f  a x e s ,
A w i th  M ,cou ld  n o t  be shown t o  be d i f f e r e n t  i n  any  way. However, 
f o r  L w i t h  a l l  o t h e r  v a r i a b l e s  e v e ry  p a i r  o f  a x e s  was shown t o  
be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) i n d i c a t i n g  a v e r y  h ig h  
deg ree  o f  d i f f e r e n c e  i n  t h e  i n c r e a s e  i n  l e n g t h  o f  t h e  p e r i p r o c t  d u r in g  
growth be tw een  t h e  two s a m p le s .  An e x a m in a t io n  o f  t h e  c o e f f i c i e n t s  
of c o r r e l a t i o n  f o r  L w i t h i n  t h e  N .e lo n g a tu s  g ro u p  showed i t  t o  be __ 
h ig h ly  n e g a t i v e l y  c o r r e l a t e d  w i t h  a l l  o t h e r  v a r i a b l e s .  T h e r e f o r e ,
L d e c r e a s e s  d u r in g  g row th  w i t h i n  N .e lo n g a tu s  w h i l s t  t h e r e  i s  r a r e l y  
a s i g n i f i c a n t  c o r r e l a t i o n  be tw een  L and o t h e r  v a r i a b l e s  w i t h i n  
the  N . l a t i p o r u s  g ro u p .
The d e g r e e  o f  d i f f e r e n c e  b e tw een  t h e s e  two s p e c i e s , f r o m  
the  same h o r i z o n  a t  t h e  same l o c a l i t y  i s  much g r e a t e r  t h a n  be tw een  
any two sam p les  o f  N . l a t i p o r u s  and N . s c u t a t u s  so  f a r  s t u d i e d ,
3 .  C om parison  w i th  N.LATIPORUS and N.SCUTATUS
N . l a t i p o r u s  i s  c e r t a i n l y  v e r y  d i f f e r e n t  from  t h e  c o n te m p o ra ry
195
N.e l o n g a t u s , a s  s o  f a r  d e f i n e d ;  much more s o  t h a n  i t  i s  from  th e  
younger N . s c u t a t u s . T h is  can  be c o n f i rm e d  by a d i s c r i m i n a n t  a n a l y s i s  
of t h e  t h r e e  s p e c i e s .  T h is  i s  j u s t i f i a b l e  a s  spec im ens  o f  N . s c u t a t u s
range up i n  s i z e  t o  th o s e  o f  N .e lo n g a tu s  and t h e r e f o r e  d i s c r i m i n a t i o n
/
w i l l  n o t  be made on s i z e  d i f f e r e n c e s  a l o n e .
The a n a l y s i s , u s i n g  10 v a r i a b l e s , t h e  two S t r a t t o n  A udley  
groups and th e  T r o u v i l l e  sam ple ,show s N .e lo n g a tu s  t o  be w e l l  
removed from  th e  N . l a t i p o r u s  -  N . s c u t a t u s  g r o u p in g  w i t h  N . l a t i p o r u s  
occupying  a somewhat c e n t r a l  p o s i t i o n .  I n  a  c a n o n ic a l  v a r i a t e  p l o t  
the  s m a l l e r  N .e lo n g a tu s  spec im ens  l i e  c l o s e r  t o  t h e  N . l a t i p o r u s  
group th a n  do th e  l a r g e r  s p e c im e n s ,c o n f i r m in g  a  c l o s e r  s i m i l a r i t y  
of fo rm  be tw een  young members o f  t h e  two s p e c i e s  ( f i g . 7 , 2 ) .
S t e p  3
V a r ia b le s  L,N4 and G e n t e r e d
F m a t r ix  i n d i c a t e d  t h a t  t h e  N .e lo n g a tu s  g ro u p  became h i g h l y  s 
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) from  t h e  o t h e r  two g r o u p s .
S t e p  6
V a r ia b le s  B ,I  and H added
F m a t r ix  i n d i c a t e d  t h a t  a l l  g ro u p s  w ere  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  ( P <  1%) from  each  o t h e r .  _
The c e n t r a l  p o s i t i o n  o f  N . l a t i p o r u s  betw een  N . s c u t a t u s  
and N .e lo n g a tu s  i s  bo rne  o u t  by b i v a r i a t e  a n a l y s i s  o f  th e  r e d u c e d
major ax e s  o f  t h e  l a t t e r  two s p e c i e s .
I n  t h i s  c o m p a r iso n  s e v e n  s lo p e s  w ere  found  t o  be h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) when a x e s  w ere  c o n s t r u c t e d  f o r  
A w i th  a l l  o t h e r  v a r i a b l e s  ( i . e .  A w i th  B ,C ,D ,E ,L ,N1 and N3) 
w h i l s t  A w i t h  G was p r o a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%).
All s l o p e s  w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  f o r  L w i th  a l l
o th e r  v a r i a b l e s .
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T h is  i s  t h e  l o w e s t  d e g re e  o f  s i m i l a r i t y  so  f a r  e n c o u n te re d  
between two g r o u p s .  T h is  can  be c o n t r a s t e d  w i t h  th e  r e s u l t s  o f  
the  S t r a t t o n  A udley  ( N . l a t i p o r u s ) and S t r a t t o n  A udley  ( N .e l o n g a t u s ) 
c o m p a r is o n s ,p .  195 ,a n d  th e  S t r a t t o n  A udley  ( N . l a t i p o r u s ) and 
T r o u v i l l e  c o m p a r i s o n s , f i g . 6 , 8 .  A gain  t h e  N . l a t i p o r u s  sam ple  i s  
seen t o  occupy  a c e n t r a l  p o s i t i o n  a s  i t  i s  more s i m i l a r  t o  t h e  
N .e lo n g a tu s  and N . s c u t a t u s  sam ples  th a n  th e  l a t t e r  two sam ples  
a re  t o  each  o t h e r .
H o w e v e r , i t  s h o u ld  be n o te d  t h a t  t h e  r e s u l t s  o f  t h e s e  
com parisons may n o t  r e f l e c t  o r i g i n a l  d i f f e r e n c e s  betw een  th e  
p o p u la t io n s  a s , d u e  to  t h e  poor  p r e s e r v a t i o n  o f  t h e  N .e lo n g a tu s  
sample,many re d u c e d  m a jo r  a x e s  a r e  c a l c u l a t e d  on d a t a  f rom  o n ly  
two 'p e r f e c t *  s p e c im e n s .  I f  t h i s  i s  t h e  c a s e  t h e n  a s t r a i g h t  l i n e  
i s  e a s i l y  f i t t e d  be tw een  t h e  two p o i n t s  on a b i v a r i a t e  g raph  
r e s u l t i n g  i n  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  u n i t y  and no s t a t i s t i c a l  
e r r o r  i n  ct , t h e  s lo p e  o f  t h e  l i n e .  T h is  p ro d u ce s  a  m a th e m a t ic a l l y  
h ig h ly  a c c u r a t e  b u t  c o m p le te ly  u n n a t u r a l  p i c t u r e  o f  g row th  l i n e s ,  
which makes c o m p ar iso n  w i th  o t h e r  ax e s  somewhat d u b io u s ,
4 .  C l a s s i f i c a t i o n  o f  spec im ens  067 and 068
The c l a s s i f i c a t i o n  o f  spec im ens  067 and 0 6 8 , i n f e r r e d  t o  _ 
be N .e l o n g a t u s ,was c a r r i e d  o u t  w i t h i n  t h e  fram ew ork  o f  sam ples  
ye t  t o  be d i s c u s s e d  i . e .  t h e  S ig n y  L*Abbaye and M arq u ise  s a m p le s .
In  t h i s  way a l l  m id d le  J u r a s s i c  n u c l e o l i t i d  g ro u p s  sam pled  i n  t h e  
p r e s e n t  s tu d y  w ere  u s e d .  T h is  i n c r e a s e d  t h e  l i k e l i h o o d  t h a t  th e  
specimens w ere  c l a s s i f i e d  i n t o  t h e  s p e c i e s  t o  w hich  th e y  w ere  m ost 
l i k e l y  t o  b e lo n g .  The com puter  program  n u s t  c l a s s i f y  i n t o  an  
e x i s t i n g  g ro u p  and i s  u n a b le  t o  c o n c lu d e  t h a t  t h e  spec im ens  do 
not b e lo n g  to  any  g ro u p s  p r e s e n t .  F o r  t h i s  r e a s o n  a s  w ide  a  v a r i e t y  
of s p e c i e s  a s  p o s s i b l e  was in c lu d e d  i n  such  a n a l y s e s .
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The N .e lo n g a tu s  g ro u p  o f  S t r a t t o n  A udley  c o n t a i n s  o n ly  
two spec im ens  on w hich t h e  s t a n d a r d  15 m easu rem en ts  c an  be u s e d .
D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  p la c e d  spec im ens  067 and 
068 w i t h i n  t h e  N .e lo n g a tu s  g roup  ( f i g . 7 , 3 ) .  The p o s t e r i o r  p r o b a b i l i t y  
f o r  m em bersh ip  o f  t h e  N .e lo n g a tu s  g ro u p  was 100% i n  b o th  c a s e s .
t e s t s  o f  t h e  M ahalanob is  d i s t a n c e s  however showed a  low 
p r o b a b i l i t y  (P  < 1%) o f  e i t h e r  spec im en  b e lo n g in g  t o  any  g ro u p .
U s in g  fe w e r  v a r i a b l e s  so  t h a t  more spec im ens  from  S t r a t t o n  
Audley c o u ld  be used  i n  t h e  c l a s s i f i c a t i o n  p r o c e d u r e , a  r e - r u n  
of t h e  a n a l y s i s  show th e  s m a l l e r  Lam bert sp ec im en  (N o ,068) t o  l i e  
c lo s e r  t o  t h e  M arq u ise  sam ple  o f  N .w oodw ard ii  t h a n  to  N . e l o n g a t u s . 
However t h e  s m a l l e r  N .e lo n g a tu s  spec im en  from  S t r a t t o n  A udley  
a ls o  l a y  i n  t h i s  d i r e c t i o n , w h i c h  e x poses  t h e  p rob lem s e n c o u n te re d  
when u s in g  o n ly  a few p r e - s e l e c t e d  v a r i a b l e s  t o  d e f i n e  sam ples  
r a t h e r  t h a n  a l l  p o s s i b l e  i n f o r m a t i o n .  A X ^ t e s t  o f  M ahalanob is  
d i s t a n c e s  o f  t h e  spec im ens  from  each  g ro u p  mean shows specim en  067 
to have  a v e r y  low p r o b a b i l i t y  (P  < .1%) o f  b e lo n g in g  t o  any  g ro u p  
exept t h e  S t r a t t o n  A ud ley  g ro u p  o f  N .e lo n g a tu s  (P = 2 ,5 % ), Specim en 
068 h a s  a  v e r y  low p r o b a b i l i t y  (P  < .1%) o f  b e lo n g in g  t o  any  o f  
the g ro u p s  sam p led .
Specim ens 067 and 068 a r e  t h e r e f o r e  in c lu d e d  w i th  t h e  
N .e lo n g a tu s  spec im ens  from  S t r a t t o n  A ud ley  i n  a n a ly s e s  below . F o r  
the p u rp o se s  o f  c l a r i t y , w h e n  r e f e r e n c e  i s  made t o  t h e  N .e lo n g a tu s  
sample from  S t r a t t o n  A ud ley  t h i s  w i l l  r e f e r  to  t h e  s e v e n  specim ens 
found a t  S t r a t t o n  A ud ley  o n l y .  The terra  — t h e  *N .e lo n g a tu s  group* — 
w il l  r e f e r  t o  t h e s e  s e v e n  spec im ens  p lu s  t h e  two a d d i t i o n a l  specim ens  
from S ig n y  1 'Abbaye and th e  Lam bert c o l l e c t i o n .
A r e - r u n  o f  t h e  d i s c r i m i n a n t  a n a l y s i s  be tw een  t h e  T r o u v i l l e  
and bo th  S t r a t t o n  A ud ley  sam p les  was pe rfo rm ed  u s in g  a l l  15 v a r i a b l e s
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and including specimens 067 and 068,
S te p  3
Variables L,N4 and M e n te r e d
F m a t r ix  i n d i c a t e d  t h a t  t h e  N .e lo n g a te s  sam ple  became h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  <  1%) from  t h e  o t h e r  two s a m p le s .
S te p  12 ( f i n a l )
V a r ia b l e s  n o t  e n t e r e d ;  A,C and J ,  . _
U - s t a t i s t i c  = ,0 1 8  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  m eans;
P < .1% )
Specimens classified  wrongly by posterior probability; 0%.
The t h i r d  v a r i a b l e  t o  be e n te re d ,M ,w a s  one o f  f i v e  v a r i a b l e s  
(C,D,M,N1 and N3) n o t  in c lu d e d  i n  t h e  e a r l i e r  a n a l y s i s  ( s e e  p .  196 ) .  
The p l o t  o f  t h e  f i r s t  two c a n o n ic a l  v a r i â t e s  was v e r y  s i m i l a r  t o  
t h a t  o f  f i g , 7 , 1 .
The two sp ec im en s  067 and 068 w ere  a l s o  in c lu d e d  i n  a 
r e - c a l c u l a t i o n  o f  r e d u c e d  m a jo r  ax es  and d e r i v a t i o n  o f  new 
c o e f f i c i e n t s  f o r  t h e  S t r a t t o n  A ud ley  sam ple  o f  N .e l o n g a t u s . On 
com parison  w i t h  t h e  S t r a t t o n  A udley  sam ple  o f  N . l a t i p o r u s  when 
reduced  m a jo r  axes  w ere  c o n s t r u c t e d  f o r  A w i th  a l l  o t h e r  v a r i a b l e s ,  
only  one s l o p e  was s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) and two w ere  _ 
shown n o t  t o  be a s i g n i f i c a n t  d i s t a n c e  a p a r t  (P  ^ 5%), On com parison  
w ith  t h e  T r o u v i l l e  sam ple  o f  N . s c u t a t u s  t h r e e  s lo p e s  w ere  h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) and one p r o b a b ly  s i g n i f i c a n t l y  
d i f f e r e n t  (1% < P < 5%), A l l  s l o p e s  w ere  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%) i n  b o th  com parisons  when L was u se d  w i th  a l l  
o th e r  v a r i a b l e s .
However i t  m ust be p o in te d  o u t  t h a t  a s  t h e  two a d d i t i o n a l  
specim ens a r e  n o t  from  th e  same sam ple  t h e  e r r o r  o f  sc , t h e  s lo p e  
of th e  l i n e , i s  l i k e l y  t o  be v e r y  much l a r g e r  th a n  th e  e r r o r  w i t h i n
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a n a t u r a l  s a m p le .  T h is  r e q u i r e s  a  more r i g o r o u s  p r o o f  o f  
n o n - p a r a l l e l i s m  betw een  t h e  s lo p e s  r e s u l t i n g  i n  a  g r e a t e r  number 
of l i n e s  h o t  p ro v ed  to  be s i g n i f i c a n t l y  d i f f e r e n t .  I t  m ust  be 
remembered t h a t  t h e  s t a t i s t i c a l  p ro o f  o f  n o n - p a r a l l e l i s m  b e tw een  
two ax e s  i s  a  f u n c t i o n  o f  sam ple  s i z e  a s  w e l l  a s  a b s o l u t e  d i f f e r e n c e s .  
I t  t h e r e f o r e  a p p e a r s  t o  be unw ise  t o  mix spec im ens  f rom  d i f f e r e n t  
l o c a l i t i e s  a n d , t h e r e f o r e , p r o b a b l y  d i f f e r e n t  l o c a l  p o p u l a t i o n s  
in  t h e  c o n s t r u c t i o n  o f  re d u c e d  m a jo r  a x e s .
The a n a l y s e s  show th e  T r o u v i l l e  sam ple  t o  be more d i s t i n c t  
from t h e  N .e lo n g a tu s  g ro u p  th a n  from  th e  N . l a t i p o r u s  s a m p le ,
7 C) NUCLEOLITES AMPLUS
1 .  I n t r o d u c t i o n
A s i n g l e , b u t  l a r g e  and f a i r l y  w e l l  p r e s e r v e d , s a m p le  o f  t h i s  
p r o b le m a t ic a l  s p e c i e s  i s  u se d  i n  t h e  p r e s e n t  s t u d y .  The sam ple  i s  
from t h e  m id d le  J u r a s s i c  o f  S ig n y  L ’A bbaye ,A r d e n n e s ,F ra n c e ,  The 
l o c a l i t y  i s  d e s c r i b e d  by F i s c h e r  ( 1 9 6 9 ) ,  I t  i s  l o c a t e d  h e r e i n  on  
f i g , 2 , 3 a ,  See p ,  46 f o r  d i s c u s s i o n  o f  t h e  s y s t e m a t i c  p a l a e o n to l o g y  
of N .am plus and d e s c r i p t i o n  o f  t h e  p a la e o e c o lo g y  and s e d im e n to lo g y  
of t h e  S ig n y  sa m p le .
The sp e c im en s  a r e  u n u s u a l  i n  t h a t , a l t h o u g h  g e n e r a l l y  w e l l  ”  
p r e s e r v e d , i n  a  g r e a t  m a j o r i t y  t h e  p e r i s to m e  .is m is s in g  and t h e r e f o r e  
v a r i a b l e  E c o u ld  n o t  be m ea su red .  T h is  v a r i a b l e  i s  t h e r e f o r e  
exc luded  from  many a n a l y s i s  so  t h a t  a  r e a s o n a b l y  l a r g e  number o f  
specim ens c a n  be u t i l i z e d ,
2 .  A n a l y s i s  o f  t h e  S ig n y  sam ple
T h is  sam p le  o f  41 spec im ens  from  th e  same h o r i z o n  and 
l o c a l i t y  c o n t a i n s  one  spec im en  , No,067 w hich  i s  v e r y  d i s t i n c t  
from t h e  norm al m orphology  o f  N .am p lu s , T h is  sp ec im en  i s  e l o n g a t e
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s u b -q u a d r a te  and p o s s e s s e s  a deep  g roove  a t  t h e  p o s t e r i o r  m a rg in .
To t e s t  t h e  h om ogene ity  o f  th e  sam ple  a com ponent a n a l y s i s  
was r u n , a  p l o t  o f  t h e  p r i n c i p a l  components b e in g  g iv e n  i n  f i g . 7 , 4 .  
F i g . 7 ,5  t a b u l a t e s  e ig e n v a lu e s  and d i r e c t i o n  c o s in e s  f o r  t h e  f i r s t  
fo u r  p r i n c i p a l  com ponen ts . Component 1 c o m p r ise s  t h e  u s u a l  s i z e / s h a p e  
p a ra m e te rs ,c o m p o n e n t  2 i s  composed m a in ly  o f  v a r i a b l e s  N2 and N4, 
which a r e  m ea su res  o f  t h e  p o s t e r i o r  s u l c u s , a n d  component 3 i s  
b a s i c a l l y  v a r i a b l e  I , t h e  v e r t i c a l  h e i g h t  o f  t h e  p e r i p r o c t .  I t  i s  
seen  from  th e  p l o t  o f  components 2 and 3 t h a t  sp ec im en  067 i s  
d i s t i n g u i s h e d  from  th e  N .am plus g ro u p  a lo n g  t h e  a x i s  o f  component 
2, I t  p o s s e s s e s  a  much d e e p e r  g ro o v e  a t  t h e  p o s t e r i o r  m a rg in ,  
v a r i a b l e  N2,and a lo w e r  t h a n  a v e ra g e  p e r i p r o c t , v a r i a b l e  N4,
I n  a  d i s c r i m i n a n t  f u n c t i o n  ' c l a s s i f i c a t i o n *  p r o c e d u r e ,  
see p . 198 , sp ec im en  067 i s  p la c e d  w i t h i n  t h e  g ro u p  o f  N .e l o n g a t u s ,
a s p e c i e s  t o  w h ich  i t  can  e a s i l y  be a s s i g n e d  s u b j e c t i v e l y .  I t  i s  
t h e r e f o r e  o m i t t e d  from t h e  S ig n y  sam p le  o f  N .am plus d u r in g  f u r t h e r  
a n a ly s e s ,
3 .  Com parison  be tw een  t h e  S igny  and T r o u v i l l e  sam p les  
A d i s c r i m i n a n t  a n a l y s i s  be tw een  th e  S ig n y  and T r o u v i l l e  
samples i n d i c a t e s  t h e  m a jo r  d i f f e r e n c e s  i n  fo rm  be tw een  N.amplus 
and N . s c u t a t u s , I n  t h i s  a n a l y s i s  14  v a r i a b l e s  o n ly  w ere  u s e d ,  
v a r i a b l e  E b e in g  o m i t t e d .
S t e p  2
V a r ia b l e s  M and N1 e n t e r e d
F m a t r ix  i n d i c a t e d  t h a t  t h e  g ro u p  means w ere  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%)
Specimens c la s s i f ie d  wrongly by p o s te r io r  p ro b a b i l i ty ;  0%
S te p  11 ( f i n a l )
V ariable's n o t è fite red ; Cv^ S: and J# - J
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PRINCIPAL COMPONENT ANALYSIS
Signy sample,
14 variables, 30 cases.
Eigenvalues
7 - 3 5 ^ 1.63 1.26 1.09
Cumulative proportions of total variance
5 2 #  6 4 #  7 3 #  8 1 #
Eigenvectors
1 2 3 4
A .36 - . 1 5 .00 .08
B .35 - . 0 6 -.00 .03
C .32 .30 .01 - . 18
D .31 .34 .01 - . 0 8
G .36 -.10 -.02 .07
H .30 - . 2 6 -.01 .14
I .12 .15 - ‘-72 .06
J .29 —.06 — , z,9 — .21
L - . 0 7 .32 .28 .54
M .33 - . 1 7 .04 .25
N1 .26 .04 .34 .13
N2 .09 - . 5 0 .21 .11
N3 .01 -.22 .26 - . 67
N4 .21 .49 .30 -.22
Figure 7g 5'» Eigenvalues and direction cosines of the;
first four eigenvectors for the Signy sample. 
The second and third eigenvectors are plotted
in fig. 7,4'
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u - s t a t i s t i c  = , 0 4  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P < ,1%)
Specimens 1007- characteristic  o f  the sample t o  which they belonged 
(using posterior probability); 100% /
f
Specimens w i t h  a  low p r o b a b i l i t y  (P  < .1%) o f  b e lo n g in g  t o  t h e
A 2 2t e s t s  o f  D ) ;  100%
V a r i a b l e s  M and N1 w ere  n o t  p r e v i o u s l y  e n c o u n te re d  a s  
im p o r ta n t  d i s c r i m i n a t i n g  c h a r a c t e r s .
T h is  s e p a r a t i o n  was b o rn e  o u t  by a  c l u s t e r  a n a l y s i s  o f  t h e  
T r o u v i l l e  and S ig n y  sam p les  w hich showed a  s im p le  c l u s t e r i n g  
of sp ec im en s  i n t o  t h e i r  r e s p e c t i v e  g r o u p s .  T hese  two m u l t i v a r i a t e  
methods i l l u s t r a t e  t h e  s h a r p  d i s t i n c t i o n  i n  m orphology  b e tw een  t i i e  
two s p e c i e s  w h ich  a lo n g  w i t h  t h e  p o s s e s s i o n  o f  b o u r r e l e t s , w id e  
p o r i f e r o u s  z o n e ,a n d  lo n g  crowded p h y l lo d e s  o f  N .am plus seems t o  
i n d i c a t e  t h a t  no c l o s e  r e l a t i o n s h i p  e x i s t s  be tw een  i t  and N . s c u t a t u s .
B i v a r i a t e  a n a l y s e s  be tw een  t h e  two sam p les  showed t h a t  
t h r e e  a x e s  w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) and f o u r  
p ro b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) f o r  A w i t h  a l l  
o th e r  v a r i a b l e s .  The ax e s  w ere  A w i th  I , L  and N3 and A w i t h  \
E ,G ,J  and N2 r e s p e c t i v e l y .  A ga in  a l l  s l o p e s  w e re  s i g n i f i c a n t l y  d i f f e r e n t  
f o r  L and a l l  o t h e r  v a r i a b l e s .  The d e g r e e  o f  d i f f e r e n c e  be tw een  t h e  
two g ro u p s  was h i g h e r  t h a n  t h a t  be tw een N . l a t i p o r u s  and N . s c u t a t u s  
sam ples b u t  n o t  a s  h ig h  a s  i n  t h e  N . s c u t a t u s  -  N .e lo n g a tu s  c o m p a r is o n .  
Using v a r i a b l e  M ( t h e  im p o r ta n t  d i s c r i m i n a t i n g  v a r i a b l e  i s o l a t e d  
th rough  d i s c r i m i n a n t  f u n c t i o n s ) w i t h  a l l  o t h e r  v a r i a b l e s  f o u r  
s lo p e s  w e re  fou n d  t o  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1% ).
I n  a  p r i n c i p a l  component a n a l y s i s  o f  t h e  two sa m p le s  t h e  f i r s t
com ponent,w hich  r e p r e s e n t e d  67% o f  t h e  t o t a l  v a r i a b i l i t y , w a s  a
/
co m b in a t io n  o f  a l l  t h e  m a jo r  s i z e  v a r i a b l e s , w h i l s t  t h e  s e co n d
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c o m p o n e n t , r e p r e s e n t in g  a f u r t h e r  15%,was composed m a in ly  o f  v a r i a b l e s  
Nl and N2, F i g , 7 ,7  t a b u l a t e s  e ig e n v a lu e s  and d i r e c t i o n  c o s in e s  
f o r  t h e  f i r s t  f o u r  p r i n c i p a l  com ponents . A p l o t  o f  t h e  f i r s t  two 
components ( f i g . 7 , 6 )  r e v e a l s  a  s h a r p  d i s t i n c t i o n  be tw een  t h e  two 
fo rm s . F o r  a  g iv e n  s i z e  a  T r o u v i l l e  sp ec im en  h a s  a  d e e p e r  g ro o v e  
a t  t h e  p o s t e r i o r  m a rg in  (N2) and t h e  p e r i p r o c t  i s  more removed 
from t h e  a p i c a l  sy s te m  ( N l )  t h a n  i n  t h e  S ig n y  sp e c im e n .
4 .  Com parison  betw een t h e  S igny  sam ple  and o t h e r  
n u c l e o l i t i d  s p e c i e s .
I n  a  d i s c r i m i n a n t  a n a l y s i s  be tw een  t h e  S i g n y , T r o u v i l l e  
and S t r a t t o n  A ud ley  s a m p l e s , r e p r e s e n t i n g  N .a m p lu s , N . s c u t a t u s  and 
N . l a t i p o r u s  r e s p e c t i v e l y ,  N .amplus was s e e n  t o  be r e m o te  from  t h e  
o th e r  two s p e c i e s  w h ich  o v e r l a p  and l i e  r e l a t i v e l y  c l o s e  t o  each  
o t h e r ,  '
S t e p  2
V a r ia b l e s  M and Nl e n t e r e d ,  *
Signy spec im ens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S te p  3 
V a r ia b l e  B added
F m a t r i x  i n d i c a t e d  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P < 1%) —
between S ig n y  and t h e  o t h e r  two g ro u p  m eans.
S te p  14 ( f i n a l )
U - s t a t i s t i c  = ,01  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  m eans;
P < ,1%)
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
F m a t r i x  and th e  c a n o n ic a l  v a r i a t e  p l o t  showed t h e  S ig n y  sam p le
to  be w e l l  removed from  th e  o t h e r  two r e l a t e d  g r o u p s .
I n  a  component a n a l y s i s  o f  t h e  r e p r e s e n t a t i v e  sam p les  o f  
N . s c u t a t u s , N . l a t i p o r u s  and N .am p lus , t h e  p l o t  o f  t h e  p r i n c i p a l
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PRINCIPAL COMPONENT ANALYSIS
Signy and Trouville samples 
13 variables, 47 cases.
Eigenvalues
.8.68 2.15 .75 . 54
Cumulative proportions of total variance
67^ 83^ 89^ 93%
Eigenvectors
A .33 -.01 .03 .12
B .33 -.06 .00 .06
C .32 .15 .06 -. 17
D .32 .16 .08 -.18
G .33 -.03 .07 .13
H .30 .11 .03 .37
I .28 -.11 -.32 .33
J .30 -.28 .10 .04
L -.21 .34 .29 .50
M .32 . -.11 -.02 .08
Nl .02 .62 .17 .27
N2 .06 .45 - . 8 0 -.13
N4 .22 .36 .35 -.55
Figure 7^7• Eigenvalues and direction cosines of the first 
four eigenvectors for the Signy and Trouville 
samples. The first two eigenvectors are plotted 
in fig.7^6.
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components showed a p a t t e r n  s i m i l a r  t o  t h a t  o f  t h e  T r o u v i l l e  -  S igny  
p l o t  ( s e e  f i g . 7 , 5 ) ,  t h e  components b a s i c a l l y  r e p r e s e n t i n g  t h e  same 
v a r i a b l e s  a s  i n  t h a t  a n a l y s i s .  A l l  t h e  sp ec im en s  o f  t h e  S t r a t t o n  
Audley sam p le  l a y  c o m p le te ly  w i t h i n  and a lo n g  t h e  N . s c u t a t u s  g row th  
a x i s , a n d  w ere  q u i t e  d i s t i n c t  from  th e  S ig n y  sa m p le ,
A A d i s c r i m i n a n t  a n a l y s i s  pe rfo rm ed  on t h e  f o u r  s p e c i e s
so f a r  s t u d i e d  p roduced  s i m i l a r  r e s u l t s  t o  t h e  d i c r i m i n a n t  a n a l y s i s  
betw een th e  S i g n y , S t r a t t o n  A udley  and T r o u v i l l e  s a m p le s .  The 
i n c l u s i o n  o f  t h e  N .e lo n g a tu s  sam ple  from  S t r a t t o n  A u d le y ,u s in g  
on ly  10 v a r i a b l e s , s h o w e d  t h i s  sam ple  t o  be more c l o s e l y  a s s o c i a t e d  w i t  
w i th  t h e  ' s c u t a t u s  -  l a t i p o r u s  * g ro u p  t h a n  t o  t h e  N .am plus g ro u p ,  
but l i k e  t h e  S ig n y  sam ple  t o  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  
(P < 1%) from  a l l  o t h e r  s a m p le s .
I n  a  c o m p a r iso n  o f  r e d u c e d  m a jo r  a x e s  a  s l i g h t l y  h i g h e r  
deg ree  o f  s i m i l a r i t y  was s e e n  t o  e x i s t  be tw een  S ig n y  and  t h e  
con tem poraneous S t r a t t o n  A udley  sam ple  o f  N . l a t i p o r u s  t h a n  be tw een  
the  T r o u v i l l e  and S ig n y  s a m p le s .
F o r  A and  a l l  o t h e r  v a r i a b l e s  o n ly  one  s lo p e ,A  w i t h  L, 
was h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) be tw een  t h e  two fo rm e r  
sa m p le s .  I n  many c a s e s  r e d u c e d  m a jo r  a x e s  f o r  t h e  m ain  d i s c r i m i n a t i n g  
v a r i a b l e s  ( e , g .  J ,L ,M  and N4) showed a g r e a t e r  d e g re e  o f  s i m i l a r i t y  
between t h e  S ig n y  and S t r a t t o n  A udley  sam p les  t h a n  be tw een  th e  
S igny and  T r o u v i l l e  s a m p le s .
Reduced m a jo r  a x i s  c o m p a r iso n s  b e tw een  t h e  S ig n y  and 
S t r a t t o n  A udley  sam ple  o f  N .e lo n g a tu s  showed t h e  two g roups  t o  
be v e r y  d i f f e r e n t .  Fo r  A w i th  a l l  o t h e r  v a r i a b l e s  a  t o t a l  o f  
e ig h t  a x e s  w ere  a t  l e a s t  p ro b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  ( ! % < ?  < 5%). 
F u r th e r m o r e , f o r  each  o f  t h e  m a jo r  d i s c r i m i n a t i n g  v a r i a b l e s  L,M and 
Nl n i n e  a x e s  w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%)*
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7 D) NUCLEOLITES WOODWARDII
1 .  I n t r o d u c t i o n
T h is  m id d le  J u r a s s i c  s p e c i e s  i s  r e p r e s e n t e d  by a c o l l e c t i o n  
o f  sp ec im en s  from t h e  v i c i n i t y  o f  C i r e n c e s t e r , G l o u c e s t e r s h i r e ,
A lso  by 7 w e l l  p r e s e r v e d  spec im ens  o f  t h e  L am bert  C o l l e c t i o n , P a r i s ,  
from M a rq u is e ,  M a rq u ise  i s  a  s m a l l  q u a r r y i n g  town i n  t h e  B o u lo n n a is  
and t h e  spec im ens  a r e  l a b e l l e d  B a th o n ia n  i n  a g e .
The spec im ens  from  G l o u c e s t e r s h i r e  a r e  to o  b ro k e n  and p o o r ly  
p r e s e r v e d  f o r  t h e  p u rp o se s  o f  a  b i o m e t r i c a l  s t u d y  and t h e  a n a l y s i s  
i s  t h e r e f o r e  c o n c e n t r a t e d  on th e  F re n c h  s p e c im e n s ,  W rig h t  (1 8 5 2 )  
i n  h i s  o r i g i n a l  d e s c r i p t i o n  o f  t h e  s p e c i e s  comments on t h e  t h i n  
t e s t  o f  N .w oodw ard ii  and th e  r a r i t y  o f  w e l l  p r e s e r v e d  s p e c im e n s .
The 7 spec im ens  from  M a rq u ise  a r e  a l l  p e r f e c t l y  p r e s e r v e d  
exep t  t h a t  i n  3 spec im ens  t h e  p e r i s to m e  i s  m is s in g  and  v a r i a b l e  E 
canno t  be m ea su red .  T h i s , a n d  t h e  s i m i l a r i t y  i n  form  be tw een  
N .woodwardii and N ,a m p lu s^ in d ic a te s  a  c l o s e  p h y l o g e n e t i c  r e l a t i o n s h i p  
between th e  two s p e c i e s ,  p o s s i b l y  even  t h a t  t h e  spec im ens  from  t h e  
two sam p les  a r e  c o n - s p e c i f i c .
The w id th  o f  t h e  p o r i f e r o u s  zone i n  t h e  K y d re q u e n t  sam ple
i s  b r o a d e r  t h a n  W r i g h t ' s  ( 1 8 5 2 ,1 8 5 9 )  d raw in g s  w hich  show a  narrow
I
zone. T h is  c o u ld  n o t  be c o n f i rm e d  a s  t h e  a u t h o r  was u n a b le  to  
l o c a t e  an y  o f  W r i g h t ' s  t y p e  m a t e r i a l .  The F re n ch  sam ple  may n o t  
be t r u l y  r e p r e s e n t a t i v e  o f  N .w o o d w a rd ii ,
2 ,  Com parison w i t h  t h e  S igny  sam ple
To t e s t  t h e  h y p o t h e s i s  t h a t  t h e  S ig n y  and M a rq u ise  sam p les
a re  c o n - s p e c i f i c  a  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was c a r r i e d  o u t
u s in g  t h e  14  common v a r i a b l e s  ( o m i t t i n g  v a r i a b l e  E) and 28 and 7 
specim ens r e s p e c t i v e l y , f i g , 7 , 8 ,
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Step 10 ( f in a l)
V a r ia b les  n o t e n ter e d ; D,G,N1 and N2
U - s t a t i s t i c  = ,4 3  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  m eans;
P = 4%) /
Specimens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  3%,
From a n  a n a l y s i s  o f  ^  ^ t e s t s  o f  M ahalanob is  d i s t a n c e s  
i t  a p p e a re d  t h a t  50% o f  t h e  spec im ens  from  each  g ro u p  had  a  low 
p r o b a b i l i t y  (P  < 5%) o f  b e lo n g in g  t o  t h e  o p p o s in g  sa m p le .  T h is  i s  
abou t t h e  same d e g r e e  o f  d i f f e r e n c e  a s  be tw een  sam ples  o f  N . s c u t a t u s  
and N . l a t i p o r u s .
B i v a r i a t e  a n a ly s e s  showed a s u p r i s i n g l y  h ig h  number o f  
reduced  m a jo r  a x e s  t o  be d i f f e r e n t  be tw een  t h e  two s a m p le s .  F o r  
A w i th  a l l  o t h e r  v a r i a b l e s  f o u r  s lo p e s  w ere  fo u n d  t o  be h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1% ),w h i l s t  v a r i a b l e s  L and I , b o t h  
d im ens ions  o f  t h e  p e r i p r o c t , w e r e  fo u n d  t o  be v e r y  d i f f e r e n t  b e tw e en  
a l l  t h e  s a m p le s .  F o r  v a r i a b l e  L w i th  a l l  o t h e r  v a r i a b l e s  a l l  s l o p e s  
were h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  ( P  < l% ) ,a n d  f o r  I  e i g h t  
s lo p e s  w ere  s i m i l a r l y  d i f f e r e n t .  These  r e s u l t s  a p p e a r  t o  be i n  
c o n f l i c t  w i th  t h e  p r e v io u s  a n a l y s i s  a s  t h e y  i n d i c a t e  a  much 
g r e a t e r  d e g re e  o f  d i f f e r e n c e , c o m p a r a b l e  w i t h  t h a t  be tw een  t h e  _ 
T r o u v i l l e  and  S ig n y  s a m p le s .
The d i s c r i m i n a n t  a n a l y s i s  p rogram  was r e - r u n  w i t h  a l l  15 
v a r i a b l e s  u se d  b u t  th e  number o f  spec im ens  r e d u c e d .  Only  10 and 4  
specim ens r e p r e s e n t e d  t h e  S ig n y  and M a rq u ise  sam p les  r e s p e c t i v e l y .  
H ow ever ,the  t h r e e  spec im ens  o m i t t e d  from  t h e  M a rq u ise  sam ple  w ere  
the  l a r g e s t .
Step 2
V a r ia b l e s  N4 and E e n t e r e d  (E was t h e r e f o r e  im p o r t a n t  i n  d i s c r i m i n a t i n g  
between t h e  two g r o u p s ) .
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Specimens classified  wrongly by posterior probability; 0%
S te p  12 ( f i n a l )
Variables not entered; C,G and M
U - s t a t i s t i c  = ,019  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P = 77.) ''
Specimens classified  wrongly by posterior probability; 0%
T h is  a n a l y s i s  h a s  shown t h a t  a l t h o u g h  good s e p a r a t i o n  
i s  a c h ie v e d  be tw een  t h e s e  two s a m p le s ,n o  s i g n i f i c a n c e  can  be a t t a c h e d  
to  t h e s e  d i f f e r e n c e s .
S i m i l a r  r e s u l t s  w ere  a c h ie v e d  w i th  a h i e r a r c h i c a l  g r o u p in g .  
U sing o n ly  14  v a r i a b l e s  no d i s t i n c t i o n  was made be tw een  t h e  two 
g r o u p s ,b o t h  b e in g  mixed th ro u g h o u t  t h e  c l u s t e r i n g  p r o c e d u r e .  U s in g  
a l l  15 v a r i a b l e s  b u t  r e d u c i n g  t h e  number o f  s p e c i m e n s , t h e  sam ples  
s e p a r a t e d  t o  a  b e t t e r  d e g r e e ,o n l y  sp ec im en  053 from  S ig n y  b e in g  
g rouped  w ro n g ly .
T hese  r e s u l t s  a r e  open  to  two o p p o s in g  i n t e r p r e t a t i o n s .
F i r s t , t h a t  t h e  p o s i t i o n  o f  th e  p e r i s t o m e , v a r i a b l e  E , i s  a  c h a r a c t e r  
o f  taxonom ic  im p o r ta n c e  and  t h a t  w i t h o u t  i t s  i n c l u s i o n  i n  a n a ly s e s  
th e  sam p les  do n o t  r e f l e c t  t r u e  d i f f e r e n c e s  be tw een  t h e  o r i g i n a l  
p o p u l a t i o n s .  S e c o n d , t h a t  t h e  p r e s e r v a t i o n  o f  t h e  p e r i s to m e  i n  
some sp ec im en s  may be due  to  u n i d e n t i f i e d  t e s t  c h a r a c t e r i s t i c s  
and t h e r e f o r e  n o t  r a n d o m , r e s u l t i n g  i n  a n  ex tre m e  b i a s  when e 
exam in ing  t h e s e  s m a l l  num bers o f  s p e c im e n s .
Due t o  t h e  r e s u l t s  p ro v id e d  by t h e  U - s t a t i s t i c , s e e  above, 
and i n  o r d e r  t o  m in im ise  b i a s , v a r i a b l e  E w i l l , i n  many c a s e s , b e  
o m it te d  f rom  f u r t h e r  c o m p a r iso n s  so  t h a t  a s  many spec im ens  a s  
p o s s i b l e  c a n  be u se d  i n  s u b s e q u e n t  a n a l y s e s ,
3 , C om parison  be tw een  t h e  M a rq u i s e ,S ig n y  and T r o u v i l l e  
s a m p le s ,
A d i s c r i m i n a n t  a n a l y s i s  be tw een  t h e s e  t h r e e  sam p les  u s in g
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14 v a r i a b l e s , i s  i n  e f f e c t  a c o m b in a t io n  o f  two p r e v io u s  a n a ly s e s  
betw een t h e  M arqu ise  and S igny  and th e  S igny  and T r o u v i l l e  s a m p le s .
I t  p ro d u c e s  a m u l t i v a r i a t e  p i c t u r e  o f  t h e  r e l a t i o n s h i p s  betw een  
t h e s e  g r o u p s .  /
S te p  2
V a r i a b l e s  M and Nl e n t e r e d
F m a t r i x  i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  (P < 1%) be tw een  t h e
group means o f  t h e  T r o u v i l l e  and S ig n y  s a m p le s ,
T r o u v i l l e  specim ens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0% 
S te p  9
F m a t r i x  i n d i c a t e d  t h a t  a l l  g ro u p  means a r e  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%) from  each  o t h e r
S igny and M arq u ise  spec im ens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r
p r o b a b i l i t y ;  9%,
i
S te p  13 ( f i n a l )
V a r i a b l e  n o t  e n t e r e d ;  G
T r o u v i l l e  spec im ens  c l a s s i f i e d  as  100% r e p r e s e n t a t i v e  o f  t h e i r  
own g ro u p  ( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  100%
Signy spec im ens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  7%
F i g , 7 ,9  shows t h e  d i s t r i b u t i o n  o f  spec im ens  a lo n g  t h e  f i r s t  
two c a n o n ic a l  v a r i â t e s  r e p r e s e n t i n g  100% o f  t o t a l  d i s p e r s i o n .
A c l e a r  d i s t i n c t i o n  was t h e r e f o r e  made betw een  th e  T r o u v i l l e  
and t h e  two B a th o n ia n  f o rm s .  The S ig n y  and M arqu ise  sam ples  l i e  
r e l a t i v e l y  c l o s e  t o g e t h e r  w i th  o v e r l a p  be tw een  th e  g r o u p s .  T h is  
s u p p o r t s  t h e  s u b j e c t i v e  v iew  t h a t  N .amplus and N .w oodw ardii  a r e  
more c l o s e l y  r e l a t e d  t o  each  o t h e r  t h a n  th e y  a r e  t o  N . s c u t a t u s ,
A h i e r a r c h i c a l  g r o u p in g  o f  t h e s e  t h r e e  s a m p l e s ,u s i n g  15 
v a r i a b l e s , showed a s i m i l a r  p a t t e r n  o f  g ro u p in g  betw een  th e  M arqu ise  
and S ig n y  sam ples  a s  d e s c r i b e d  i n  th e  p r e v io u s  s e c t i o n  ( s e e  p , 214 ) ,
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At t h e  f o r m a t i o n  o f  f o u r  g roups  an  ’a d j a c e n t '  and ' r e m o t e '  T r o u v i l l e ,  
a S ig n y ,a n d  a m a in ly  M arq u ise  g roup  w ere  fo rm e d .  The two T r o u v i l l e  
g roups w ere  t h e n  combined a t  t h e  n e x t  s t a g e  o f  c l u s t e r i n g , w h i l e  
th e  S ig n y  and M arq u ise  g ro u p s  w ere  j o in e d  a t  t h e  s t a g e  o f  f o r m a t i o n  
of two g r o u p s .  T h is  a n a l y s i s  a g a in  u n d e r l i n e d  th e  c l o s e  a s s o c i a t i o n  
betw een t h e  two ' o r b i c u l o i d ' s p e c i e s .
I n  a p r i n c i p a l  component a n a l y s i s  o f  t h e  t h r e e  g roups  
a s i m i l a r  s i t u a t i o n  emerged t o  t h e  a n a l y s i s  o f  t h e  S ig n y  and 
T r o u v i l l e  sam p les  ( s e e  p . 206 ) ,  The v a lu e  and c o m p o s i t io n  o f  each  
of t h e  f i r s t  f o u r  p r i n c i p a l  components was v i r t u a l l y  i d e n t i c a l  
to  t h a t  o f  t h e  p r e c e e d in g  components a n a l y s i s .  The p a t t e r n  o f  t h e  
v a r io u s  p l o t s  was a l s o  t h e  same. F o r  e x a m p le , th e  f i r s t  and second  
components showed p a r a l l e l  g row th  l i n e s  be tw een  th e  T r o u v i l l e  and 
Signy sam p les  w i th  an  i n c r e a s e  i n  s i z e  a s s o c i a t e d  w i th  an  i n c r e a s e d  
v a lu e  o f  N l ,  The M arq u ise  sam ple  l a y  w i t h , a n d  was i n d i s t i n g u i s h a b l e  
f r o m , th e  S ig n y  g ro u p  showing t h a t  t h e  s i z e / N l  g row th  r a t i o  was 
s i m i l a r  be tw een  t h e s e  two g ro u p s  b u t  q u i t e  d i s t i n c t  from  t h a t  o f  
the  T r o u v i l l e  s a m p le .
I n  a  c o m p a r iso n  o f  r e d u c e d  m a jo r  a x e s  f o r  t h e  t h r e e  sam ples  
i t  was s e e n  t h a t  t h e r e  i s  a b o u t  t h e  same d e g re e  o f  d i f e r e n c e  
betw een any  o f  t h e  d i f f e r e n t  p a i r s  o f  g ro u p s  in v o lv e d  ( F i g , 7 , 1 0 ) .
4 ,  C om parison  be tw een  th e  M a rq u ise  sam ple  and o t h e r  
n u c l e o l i t i d  s p e c i e s
I n  a  d i s c r i m i n a n t  a n a l y s i s  be tw een  a l l  B a th o n ia n  form s
so f a r  s t u d i e d  i . e .  t h e  sam ples  o f  S ig n y ,M a rq u is e ,H y d re q u e n t ,
T a l a n t  and t h e  two sam ples  from  S t r a t t o n  A ud ley  ( t o g e t h e r
r e p r e s e n t i n g  t h e  s p e c i e s  N .a m p lu s , N .w o o d w a rd ii , N . l a t i p o r u s
and N .e l o n g a t u s ) i t  was s e e n  t h a t  t h r e e  m a jo r  g r o u p in g s  emerge 
( F i g . 7 , 1 1 ) .  The t h r e e  N . l a t i p o r u s  sam p les  a r e  g rouped  t o g e t h e r .
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a) Variable A with all other variables* 
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B) Variable J with all other variables, 
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C) Variable M with all other variables, 
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D) Variable Nl with all other variables. 
Marquise
A.
B.
Co
D.
A.
B, 
Co
Do
3
5
6
1
Signy
2 3
4 0
8 11
0 0
Trouville
Figure 7,10. Comparison of reduced major axes between the 
Trouville, Signy and Marquise samples* Key as 
for fig.5,10.
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2)9
as a r e  t h e  S ig n y  and M arqu ise  sam ples  w h i l s t  t h e  N .e lo n g a tu s  
sam ple l i e s  some d i s t a n c e  f r o m ,b u t  i n  a  c e n t r a l  p o s i t i o n  b e tw een ,  
t h e  o t h e r  g ro u p s .  The N .e lo n g a tu s  s a m p le ,a l th o u g h  c o n s i s t i n g  o f
o n ly  two specim ens  i n  w hich  14  v a r i a b l e s  c o u ld  be m e a s u r e d , i s
/
-S till highly significantly  d ifferent from a ll  other g r o u p s .
S t e p  4
V a r i a b l e s  M,N2,B and Nl e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  t h e  g roup  means o f  t h e  'o r b i c u l o i d *  sam p les  
became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  <  1%) from  t h e  ' l a t i p o r u s ' 
s a m p le s .
S te p  5 
V a r i a b l e  H e n te r e d
F m a t r ix  i n d i c a t e d  t h a t  t h e  N .e lo n g a tu s  g ro u p  became h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) t o  a l l  o t h e r  g roups  e x c e p t  t h e  
M arqu ise  sam p le .
S te p  7
V a r i a b l e s  D and L ad d ed ,
U - s t a t i s t i c  = ,005  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  m eans;
P < ,1 7 .)
Samples f rom  w i t h i n  t h e  l a r g e r  g r o u p in g s  w ere  a t  m ost on ly-  
p ro b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) from  each  o t h e r  
b u t  each  sam ple  was h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 17») from  
sam ples  from  any  o t h e r  g r o u p in g .
V a r i a b l e s  M,N1 and B have  a l l  been  im p o r ta n t  i n  p r e v io u s  
a n a ly s e s  be tw een  t h e  o r b i c u l o i d  and o t h e r  n u c l e o l i t i d  g r o u p s .  
V a r i a b l e  B i s  p r o b a b ly  o f  im p o r ta n c e  b e c a u s e  o f  t h e  w ide  d i f f e r e n c e  
in  ro u n d n e s s  o f  m orphology  betw een  t h e s e  g r o u p s .
As i n  t h e  p r e v io u s  a n a ly s e s  be tw een  M a rq u i s e ,S ig n y  and 
T r o u v i l le ,m e a s u r e m e n ts  o f  t h e  l e n g t h  o f  spec im ens  w ere  n o t  found  
to  be good d i s c r i m i n a t i n g  v a r i a b l e s .  The d i s c r i m i n a t i o n  p r o c e d u r e
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was t h e r e f o r e  n o t  c o n d u c te d  on th e  a b s o l u t e  s i z e  o f  spec im ens  a s  
c o n s i d e r a b l e  o v e r l a p  i n  s i z e  r a n g e  o c c u r^ d  be tw een  s a m p le s .  I n  
th e  f i n a l  g ro u p  p r o b a b i l i t y  t a b l e  i t  was o n ly  spec im ens  from  th e
o l d e s t  sam p les  w i t h i n  each  g ro u p in g  t h a t  were a l l  c l a s s i f i e d
/
c o r r e c t l y , w h i l s t  t h e  y o u n g e r  sam ples  c o n ta in e d  spec im ens  c l a s s i f i e d  
w rong ly  i n t o  t h e  o l d e r  s a m p le .  F o r  e x a m p le ,w i th in  th e  N . l a t i p o r u s  
g ro u p in g  o n ly  spec im ens  from  t h e  m id d le  B a th o n ia n  H ydrequen t  
sam ple  w ere  a l l  c l a s s i f i e d  a s  m ost l i k e l y  t o  b e lo n g  t o  H y d re q u e n t ,  
w h i l s t  t h e  S t r a t t o n  A udley  sam ple  c o n ta i n e d  two spec im ens  c l a s s e d  
w i th  t h e  H y d re q u e n t  s a m p le .  One spec im en  from  T a l a n t  was a l s o  c l a s s e d  
w i th  t h e  H y d re q u e n t  s a m p le .  The same p a t t e r n  was found  i n  t h e  
' o r b i c u l o i d *  g ro u p  w here  t h r e e  S ig n y  spec im ens  w ere  c l a s s i f i e d  
w i th  t h e  M a rq u ise  s a m p le .
The a n a l y s i s  was a l s o  e x te n d e d  to  i n c l u d e  th e  N . s c u t a t u s  
sam ple from  T r o u v i l l e ,w h i c h , f r o m  p r e v io u s  a n a l y s i s  would be e x p e c te d  
to  occupy  a p o s i t i o n  c l o s e  t o  t h e  N . l a t i p o r u s  g ro u p .  F o r  t h i s  ? 
a n a l y s i s  o n ly  t h e  a u t h o r ' s  19 spec im ens  o f  t h e  T r o u v i l l e  s h o re  
sam ple  w e re  u s e d  i n  o r d e r  t o  s a t i s f y  t h e  ' s i m i l a r  sam ple  s iz e *  
r e q u i r e m e n t  o f  d i s c r i m i n a n t  a n a l y s i s ,  ( I t  had  been  found  p r e v i o u s ly  
t h a t  no i m p o r t a n t  s t a t i s t i c a l  c hanges  o c c u r r e d  from  t h e  u s e  o f  the-  
f u l l  sam p le  o f  107 s p e c im e n s . )  I n  a d d i t i o n , t h e  two s i n g l e  specim ens 
o f  N .e lo n g a tu s  w ere  u se d  t o  s u p p le m e n t  t h e  two p e r f e c t  specim ens  
from S t r a t t o n  A u d le y ,
The p a t t e r n  o f  d i s c r i m i n a t i o n  be tw een  t h e  sam ples  and 
g ro u p in g s  was t h e  same a s  i n  t h e  p r e v io u s  a n a l y s i s .  The T r o u v i l l e  
sam ple was in d e e d  found  t o  l i e  i n  a  p e r i p h e r a l  p o s i t i o n  w i t h i n  t h e  
N . l a t i p o r u s  g r o u p in g  i n  a n  a r e a  opposed  to  t h a t  o f  t h e  N .e lo n g a tu s  
g ro u p .  However some m ino r  changes  w ere  o b s e rv e d .
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S t e p  4
V a r ia b le s  M,N1,B and N2 e n te r e d .
F m a t r i x  i n d i c a t e d  t h a t  t h e  g roup  means o f  sam p les  w i t h i n  t h e  
m ajo r  g r o u p in g s  became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) 
from sam p les  from  w i t h i n  o t h e r  g r o u p in g s ,  ^
S te p  5 
V a r i a b l e  J  added
F m a t r i x  i n d i c a t e d  t h a t  t h e  N .e lo n g a tu s  became h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  from  a l l  o t h e r  g r o u p s .
S te p  11 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  A,D and G.
U - s t a t i s t i c  = ,0 0 3  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  means;
P < ,1%)
F m a t r i x  i n d i c a t e d  t h a t  t h e  m a j o r i t y  o f  sam p les  w ere  a t  m ost o n ly  
p ro b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) from  o t h e r  sam ples  
from w i t h i n  t h e i r  own g ro u p .
The g ro u p  p r o b a b i l i t y  t a b l e  showed t h a t  t h e  N .e lo n g a tu s  g roup  
was q u i t e  d i s c r e t e , l y i n g  i n  a  p o s i t i o n  e q u i d i s t a n t  from  th e  
S t r a t t o n  A udley  sam ple  o f  N . l a t i p o r u s  and t h e  M arq u ise  sam ple  o f  
N .w oodw ard ii , _
V a r i a b l e  Nl became t h e  seco n d  m ost  i m p o r ta n t  d i s c r i m i n a t i n g  
v a r i a b l e  i n d i c a t i n g  an  i n c r e a s e  i n  im p o r ta n c e  o f  t h e  s e p a r a t i o n  
of  t h e  p e r i p r o c t  and a p i c a l  sy s te m  w i t h  t h e  i n c l u s i o n  o f  t h e  
s t r a t i g r a p h i c a l l y  younger  T r o u v i l l e  s a m p le .
On t h e  p l o t  o f  t h e  f i r s t  two c a n o n ic a l  v a r i â t e s  t h e  sam ples  
o c c u p ie d  t h e  same p o s i t i o n s  ( t h e  c o - o r d i n a t e s  o f  t h e  g ro u p  means 
were a l s o  v e r y  s i m i l a r )  a s  d u r in g  th e  p r e v io u s  a n a l y s i s .
D i s c r i m i n a n t  and component a n a l y s i s , u s i n g  o n ly  t h e  p r i n c i p a l  
members o f  t h e  m a jo r  g ro u p in g s  so  f a r  d i s c u s s e d ,p r o d u c e d  th e
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same r e s u l t s  a s  when a  f u l l  a n a l y s i s  was e x e c u te d  u s in g  a l l  s a m p le s .  
T h e r e f o r e  f o r  t h e  s a k e  o f  s i m p l i c i t y  and c l a r i t y  some f u t u r e  
a n a ly s e s  w i l l  be r e c o r d e d  u s in g  o n ly  t h o s e  p r i n c i p a l  members.ttc
i . e .  S ig n y  sam ple  o m i t t i n g  M a rq u is e ,a n d  th e  T r o u v i l l e  s a m p le ,  
o m i t t i n g  th e  H y d r e q u e n t ,S t r a t t o n  A udley  and T a l a n t  sam p les  o f  
N . l a t i p o r u s , On a l l  o c c a s io n s  when t h i s  method was u se d  t h e  p a t t e r n  
o f  d i s c r i m i n a t i o n  and t h e  c o m p o s i t io n  o f  com ponents rem a ined  
unchanged . T h is  p ro c e d u r e  was u sed  i n  p r e v io u s  a n a ly s e s  when t h e  
T r o u v i l l e  sam ple  r e p r e s e n t e d  a l l  t h e  combined N . s c u t a t u s  g r o u p s .
F i g u r e  7,12 t a b u l a t e s  r e s u l t s  o f  c o m p a r iso n s  o f  r e d u c e d  
m ajo r  a x e s  f o r  t h e  i m p o r ta n t  d i s c r i m i n a t i n g  v a r i a b l e s  w i t h  a l l  
o t h e r  v a r i a b l e s  be tw een  M arq u ise  and th e  two S t r a t t o n  A ud ley  
sam ples  o f  N . l a t i p o r u s  and N .e l o n g a t u s . I n  a lm o s t  e v e ry  c a s e  t h e  
M arqu ise  sam ple  shows a h i g h e r  d e g re e  o f  s i m i l a r i t y  t o  t h e  
N . l a t i p o r u s  s a m p le .  However t h e  d e g re e  o f  s i m i l a r i t y , i n  b o th  
co m p ar iso n s ,m ay  be o v e r e s t im a t e d  due  t o  t h e  s m a l l  sam ple  s i z e s  u s e d .
7 :E) NUCLEOLITES BURGUNDIAE
1 .  I n t r o d u c t i o n
The f i n a l  m id d le  J u r a s s i c  s p e c i e s  examined i s  C o t t e a u ' s  
N .b u rg u n d ia e  from  th e  B a th o n ia n  o f  S e lo n g e y ,C o te  d * O r ,F ra n c e ,
The f o u r  ty p e  spec im ens  o f  t h i s  s p e c i e s  from  t h e  C o t t e a u  C o l l e c t i o n  
a t  O rsay  w ere  m easu red  and a l th o u g h  p o o r ly  p r e s e r v e d  w ere  u se d  i n  
some p r e l i m i n a r y  a n a l y s e s .  These  spec im ens  w ere  su p p le m e n te d  by 
specim ens  c o l l e c t e d  by t h e  a u th o r . f r o m  t h e  ty p e  l o c a l i t y .  However 
as t h e s e  a r e  even  more p o o r ly  p r e s e r v e d  t h a n  t h e  ty p e  m a t e r i a l  
th e y  a r e  o m i t t e d  from  t h e  a n a l y s i s ,
N .b u rg u n d ia e  i s  c h a r a c t e r i s e d  by i t s  l a r g e  c i r c u l a r  fo rm .
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Strat. Audley. 
N.latiporus
Variable A ^ 2
B. 2
C. 10
D. 1
Variable B ^ 2
B. 0
C. 12
D. 0
Variable L A. 6
B. 0
C. 8
D. 1
Variable M .A. 1
B. 0
C. 13
D. 0
Variable Nl ^ 1
B. 4
C. 9
D. 0
Variable N2 ^ 2
B. 0
C. 12
D. 3
Strat. Audley
N .elongatus
3
2
9
0
3
2
9
0
8
6
0
0
3
3
8
1
6
2
6
0
1
1
12
0
Marquise
Marquise
Marquise
Marquise
Marquise
Marquise
Figure 7,12.Comparison of reduced major axes between Marquise 
and the two Stratton Audley samples of N.latiporus 
and N.elongatus for the variables shown and all 
other variables. Key as for fig.j,10.
2 2 4
c o n i c a l  sh a p e  and p e r i p r o c t  w e l l  removed from  th e  a p i c a l  sy s te m .
The ty p e  spec im ens  a l l  h av e  t h e  p e r i p r o c t  o b s c u re d  by m a t r i x ,  
and t h e r e f o r e  v a r i a b l e s  I , L  and N4 c o u ld  n o t  be m easu red  on them .
The p e r i s to m e  i s  a l s o  m is s in g  from th e  m ost w e l l  p r e s e r v e d  spec im ens
/
and v a r i a b l e  E c o n s e q u e n t ly  o m i t te d  from  a n a l y s i s .  H ow ever ,even
a l lo w in g  f o r  t h e s e  m is s in g  v a r i a b l e s - o n l y  3 x>uL o f  4 ty p e  spec im ens  
co u ld  be u t i l i s e d  i n  a n a l y s i s  em ploying  11 r e m a in in g  v a r i a b l e s , '  -
2 .  Com parison  be tw een  th e  S e lo n g ey  and o t h e r  n u c l e o l i t i d  
s a m p le s .
R e s u l t s  o f  a  d i s c r i m i n a n t  f u n c t i o n  a n a ly s ± s - i je tw e e n  th e  
T r o u v i l l e  and S e lo n g ey  s a m p l e s ; -  
S t e p  1 
V a r i a b l e  N1 e n t e r e d
Specim ens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S te p  4
V a r i a b l e s  N2,N3 and H added
F m a t r i x  i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c p (P < 1%^ h p twppn g ro u p  
m eans,
Step 9
V a r i a b l e s  n o t  e n t e r e d ;  A,D,H and M,
U - s t a t i s t i c  = ,13  ( S i g n i f i c a n c e  o L  th e  i n e q u a l i t y  o f  g ro u p  m eans;
P < ,1%)
Specimens w i th  a  low p r o b a b i l i t y  (P  < .1%) o f  b e lo n g in g  t o  t h e  
o pp o s in g  g ro u p  ( u s i n g  t e s t s  o f  D^); 100%,
The l a r g e  p e r i p r o c t  t o  a p i c a l  sy s te m  d i s t a n c e  (N l )  i s  
i m p o r ta n t  i n  t h e  c h a r a c t e r i s a t i o n  o f  t h e  S e lo n g ey  sa m p le .  .
The a n a l y s i s  was r e p e a t e d  w i th  t h e  i n c l u s i o n  o f  a n o th e r  
o r b i c u l o id *  s p e c i e s  sam ple  t o  d e te r m in e  w h e th e r  t h e r e  was a
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s t a t i s t i c a l  s i m i l a r i t y  be tw een  s p e c i e s  o f  a p p a r e n t l y  s i m i l a r  
g r o s s  m o rp h o lo g y ,c o m p a ra b le  t o  t h a t  found  be tw een  t h e  S igny  and 
M arqu ise  s a m p le s .  The a n a l y s i s  was r e p e a t e d  u s in g  th e  S e lo n g e y ,  
T r o u v i l l e  and S ig n y  s a m p le s ,w i th  t h e  same 11 v a r i a b l e s .
S t e p  2 ^
V a r i a b l e s  M and Nl e n t e r e d .
Specim ens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
F m a t r i x  i n d i c a t e d  t h a t  t h e  S igny  sam ple  became h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%) from  th e  o t h e r  two g r o u p s ,
step 3
V a r i a b l e  N2 added
A l l  g ro u p  means became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) from  
each o t h e r .
S t e p  8 ( f i n a l )
V a r i a b l e  n o t  e n t e r e d ;  A,C and G
U - s t a t i s t i c  = ,01  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  m eans;
P < .1%)
Specimens c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e i r  own g roup  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  100%
A c o m b in a t io n  o f  a  c e n t r a l  a p i c a l  d i s c  and a more e x tr e m e ly  
p o s t e r i o r  p e r i p r o c t , r e p r e s e n t e d  by t h e  f i r s t  two e n t e r e d  v a r i a b l e s ,  
d i s t i n g u i s h e s  t h e  S e longey  spec im ens  from  b o th  t h e  S igny  and T r o u v i l l e  
s a m p le s ,a s  t h e  l a t t e r  g ro u p s  do n o t  p o s s e s s  b o th  c h a r a c t e r s  t o g e t h e r .  
The f i r s t  f o u r  d i s c r i m i n a t i n g  v a r i a b l e s  a r e  t h e  same a s  th o s e  
used  i n  t h e  a n a l y s i s  o f  f o u r  m id d le  J u r a s s i c  s p e c i e s  ( s e e  p , 217 ) 
and a p p e a r  t o  be im p o r ta n t  f o r  d i s c r i m i n a t i n g  be tw een  n u c l e o l i t i d  
e c h in o id s  o f  t h i s  e p o c h , '
From th e  c a n o n ic a l  v a r i a t e  p l o t  i t  was s e e n  t h a t , q u i t e  
u n e x p e c t e d l y , t h e  " o r b i c u la r *  m id d le  J u r a s s i c  S e longey  sam ple  l a y
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c l o s e r  t o  t h e  n o n - o r b i c u l a r , u p p e r  J u r a s s i c  T r o u v i l l e  sam ple  th a n  
to  t h e  s i m i l a r l y  o r b i c u l a r  and m id d le  J u r a s s i c  S ig n y  sa m p le .
M o re o v e r , th e  T r o u v i l l e  sam ple  o c c u p ie d  a somewhat c e n t r a l  p o s i t i o n
betw een  t h e  g r o u p s .  T h e re  was t h e r e f o r e  no s t a t i s t i c a l  s i m i l a r i t y
/
be tw een  th e  two o r b i c u l o i d  s p e c i e s .
I n  a component a n a l y s i s  be tw een t h e  same t h r e e  sam ples  
th e  c o m p o s i t io n  and p l o t s  o f  t h e  v e c t o r s  w ere  s i m i l a r , b u t  n o t  
e x a c t l y  t h e  same a s  i n  t h e  a n a l y s i s  be tw een  t h e  T r o u v i l l e  and S igny  
s a m p le s ,a l th o u g h  t h e  g row th  axes  d id  f o l l o w  th e  same t r e n d s  ( s e e  p 2 0 6 ) .  
I n  t h e  p r e s e n t  a n a l y s i s  t h e  second  e ig e n v e c to r ,w h i c h  t o g e t h e r  
w i th  t h e  f i r s t  v e c t o r  c o n t r i b u t e d  86% o f  t h e  t o t a l  v a r i a n c e ,w a s  
made up  o f  v a r i a b l e s  Nl and J  i n  i n v e r s e  p r o p o r t i o n s .  T h is  a p p e a r s  
to  be a  l o g i c a l  m easu re  o f  v a r i a b i l i t y  w i t h i n  t h e s e  sam ples  a s ,  
assum ing  a s t a b l e  p o s i t i o n  f o r  t h e  a p i c a l  d i s c  f o r  a  g iv e n  s i z e  
o f  s p e c im e n ,a n  i n c r e a s e  i n  t h e  d i s t a n c e  be tw een  t h e  a p i c a l  d i s c  
and t h e  p e r i p r o c t  m ust r e s u l t  i n  a  c o r r e s p o n d in g  d e c r e a s e  i n  t h e  
l e n g t h  o f  t h e  p e r i p r o c t a l  s u l c u s .  The p l o t  o f  th e  f i r s t  two components 
p la c e d  t h e  S e lo n g e y  spec im ens  w i t h i n  t h e  g row th  a x i s  o f  t h e  T r o u v i l l e  
s a m p le ,a s  a  c o m b in a t io n  o f  a w e l l  s e p a r a t e d  a p i c a l  d i s c  and p e r i p r o c t  
w i th  a  s h o r t  s u l c u s  e a s i l y  d i s t i n g u i s h  t h e  S e longey  g ro u p  from  the- 
N.amplus sam ple  o f  S ig n y ,  The S e lo n g ey  spec im ens  w ere  s e e n  t o  l i e  
a t  t h e  e x t r e m i t y  o f  t h e  T r o u v i l l e  g row th  a x e s  due t o  t h e i r  l a r g e  
s i z e .
They w ere  f u r t h e r  d i s t i n g u i s h e d  from  b o th  t h e  T r o u v i l l e  
and S ig n y  sam p les  a lo n g  t h e  ax is  o f  t h e  t h i r d  com ponent,com posed 
o f  o n ly  v a r i a b l e  N2; t h e  S e longey  spec im ens  p o s s e s s i n g  o n ly  a 
s h a l lo w  i n d e n t a t i o n  o f  t h e  p o s t e r i o r  b o r d e r  r e l a t i v e  t o  t h e i r  
l a r g e  s i z e .
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A h i e r a r c h i c a l  g ro u p in g  o f  t h e  same sp ec im en s  a l s o  p la c e d  
th e  S e lo n g ey  sam p le  w i t h i n  t h e  T r o u v i l l e  c l u s t e r , r a t h e r  t h a n  w i th  
th e  S ig n y  s p e c im e n s .  The 3 S e lo n g ey  spec im ens  w ere  b r o u g h t  t o g e t h e r  
a t  t h e  s t a g e  o f  f o r m a t i o n  o f  5 g roups  and c l u s t e r e d  w i th  4 T r o u v i l l e  
sp e c im e n s .  T hese  4 sp e c im en s ,n u m b ers  X 4 6 3 ,465 ,473  and 480 a r e  a l l  
c h a r a c t e r i s e d  by r e l a t i v e l y  l a r g e  v a r i a b l e s  M,N1 and C , v a r i a b l e s  
which  a r e  s i m i l a r l y  l a r g e  i n  N .b u r g n n d ia e . A t t h e  s t a g e  o f  f o r m a t i o n  
o f  3 g ro u p s  t h e  c l u s t e r s  w ere  o r g a n i s e d  i n t o  T r o u v i l l e  and S ig n y  
g roups  p lu s  a  g ro u p  i n c l u d i n g  both S e lo n g ey  and th e  f o u r  T r o u v i l l e  
sp e c im e n s .  A t  t h e  s t a g e  o f  f o r m a t io n  o f  two g roups  t h e  l a t t e r  g ro u p  
was c o m b in e d ,w i th  a l a r g e  i n c r e a s e  i n  e r r o r , w i t h  t h e  T r o u v i l l e  
c l u s t e r .  One S ig n y  spec im en  , 0 5 6 ,was p la c e d  w i t h i n  t h e  T r o u v i l l e  
c l u s t e r .  A l th o u g h  a n  e a r l i e r  a n a l y s i s  ( p ,2 0 6  ) u s i n g  1 4  v a r i a b l e s  
showed a c l e a r  d i s t i n c t i o n  be tw een  th e  S ig n y  ( N .am p lus) and 
T r o u v i l l e  ( N . s c u t a t u s ) s a m p le s ,a  c l e a r  d i s t i n c t i o n  was n o t  made i n  
t h i s  a n a l y s i s , w h i c h  u se d  o n ly  11 v a r i a b l e s .  The l a c k  o f  d i s t i n c t i o n  
i s  t h e r e f o r e  i n f e r r e d  to  r e f l e c t  t h e  r e l a t i v e  p a u c i t y  o f  d a t a .
The d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was e x te n d e d  f u r t h e r  
to  i n c l u d e  a l l  p r e v i o u s l y  s tu d i e d  s p e c i e s , a n d  t h e  p a t t e r n  o f  
d i s c r i m i n a t i o n  fou n d  to  be t h e  same a s  i n  e a r l i e r  a n a l y s e s .
S te p  2
V a r i a b l e s  M and Nl e n t e r e d ,
S e longey  spec im ens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%.
S te p  3 
V a r i a b l e  B e n t e r e d ,
F m a t r i x  i n d i c a t e d  t h a t  t h e  S e lo n g ey  sam p le  became h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%) from  a l l  o t h e r  g ro u p  m eans.
S te p  4
V a r ia b l e  N2 e n t e r e d ,  .............   ^ ... —- '  . - ■ -
228
F m a t r ix  i n d i c a t e d  t h a t  t h e  g roup  means o f  sam ples  w i t h i n  t h e  
m ajor  g ro u p in g s  w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 17») from  
sam ples w i t h i n  o t h e r  g r o u p in g s .
A t  t h e  end o f  t h e  a n a l y s i s  t h e  S e lo n g ey  sam ple  l a y  on t h e  
o p p o s i t e  s i d e  o f  t h e  c a n o n ic a l  v a r i a t e  p l o t  t o  th e  N .e lo n g a tu s  
group and c l o s e s t  to  t h e  T r o u v i l l e  sam ple  ( f i g . 7 , 1 3 ) .  I t s  p o l a r i t y  
on t h e  g rap h  t o  t h e  N .e lo n g a tu s  i s  a p p a r e n t l y  due t o  f o u r  f e a t u r e s *  
(1 )  t h e  p e r i p r o c t  b e in g  re m o te  f ro m ,a s  opposed  t o  b e in g  i n  c o n t a c t  v i  
w i t h , t h e  a p i c a l  sy s te m  ( v a r i a b l e  N l ) ;  ( 2 )  i t s  rou n d ed  a s  opposed 
to  e l o n g a t e  fo rm  ( v a r i a b l e  B );  (3 )  s h a l l o w ,a s  opposed  t o  deep  
i n d e n t a t i o n  o f  t h e  p o s t e r i o r  b o rd e r  ( v a r i a b l e  N2); ( 4 )  s h o r t  a s  
opposed t o  lo n g  a n a l  s u l c u s  ( v a r i a b l e  J ) .
Thus t h e  g e n o ty p e  and f i v e  m id d le  J u r a s s i c  s p e c i e s  a r e  
c l u s t e r e d  i n t o  f o u r  s p e c i e s  g r o u p s , d i s t i n g u i s h e d  on t h e  g raph  
by two o r th o g o n a l  v e c t o r s .  One v e c t o r  t r e n d s  from  bo ttom  l e f t  t o  
to p  r i g h t  o f  t h e  g r a p h ,a n d  d i s t i n g u i s h e s  ro u n d  (b o t to m  l e f t )  
from e l o n g a t e  ( t o p  r i g h t )  fo rm s .  The second  v e c t o r  d i s t i n g u i s h e s  
forms w i th  t h e  p e r i p r o c t  c l o s e  t o  t h e  a p i c a l  d i s c  ( t o p  l e f t )  from  
th o s e  w h ere  t h e  p e r i p r o c t  i s  a t  some d i s t a n c e  from  th e  a p i c a l  d i s c  
(b o tto m  r i g h t ) .  N e i t h e r  v e c t o r  i s  d i r e c t l y  c o r r e l a t e d  w i t h  t h e  
s t r a t i g r a p h i e  ag es  o f  t h e  s a m p le s ,
7 F) NUCLEOLITES MICRAULUS
1 ,  I n t r o d u c t i o n
T h is  u p p e r  J u r a s s i c  s p e c i e s  i s  c h a r a c t e r i s e d  by an  e lo n g a t e  
fo rm ,a  s m a l l  p e r i p r o c t  and s h o r t  s u l c a l  g ro o v e .  I t  i s  r e p r e s e n t e d  
i n  a n a l y s e s  by a l a r g e  sam ple  c o l l e c t e d  by t h e  a u t h o r  from  
V i l l e r s - 1 e - T o u r n e u r ,A r d e n n e s ,F r a n c e .  The sam p le  i s  from  an  
i r o n - s t a i n e d , p o o r l y  c o n s o l i d a t e d , s o f t , b u t  v e r y  f o s s i l i f e r o u s
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o o s p a r i t e  i n  w hich 45 spec im ens  w ere  c o n s id e r e d  s u f f i c i e n t l y  w e l l  
p r e s e r v e d  f o r  m easu rem en t.  Many specim ens  a r e  b ro k en  and f r a g m e n ta ry  
and n o t  s u i t a b l e  f o r  a n a l y s i s .  A l l  15 m easu rem en ts  c o u ld  be made 
on o n ly  25 o f  t h e  45 s p e c im e n s .  Two o t h e r  spec im ens  had o n ly  one 
c h a r a c t e r  m i s s i n g , v a r i a b l e  B ,w h i l s t  v a r i a b l e s  I , J , L  c o u ld  n o t  be 
m easured  on t h e  m a j o r i t y  o f  th e  r e m a in d e r  o f  t h e  s a m p le ,
A c a s t  i n  t h e  B r i t i s h  Museum ( N a tu r a l  H i s t o r y )  o f  t h e  A g a s s iz  
ty p e  sp ec im en  was a l s o  u se d  i n  t h e  a n a l y s i s .  Specim ens o f  N .m ic ra u lu s  
from Vi l l e r s - 1 e - T o u r n e u r  i n  t h e  C o t t e a u  C o l l e c t i o n  a r e  l a b e l l e d  
as lo w e r  O x f o r d ia n ,
2 .  A n a ly s i s  o f  t h e  V i l l e r s - 1 e - T o u r n e u r  sam ple
One spec im en  o f  t h i s  s a m p le ,V 4 5 , i s  l e s s  e lo n g a te ,m o r e  
b i lo b e d  and h a s  t h e  p e r i p r o c t  c l o s e r  to  t h e  a p i c a l  d i s c  th a n  i n  
th e  ty p e  N .m i c r a u lu s . I t  more c l o s e l y  r e s e m b le s  t h e  N . s c u t a t u s — 
N . l a t i p o r u s  fo rm  and so  a  p r i n c i p a l  component a n a l y s i s  was c a r r i e d  
o u t  on t h e  V i l l e r s  sam ple  t o  a s c e r t a i n  w h e th e r  t h i s  spec im en  
s to o d  a p a r t  f rom  th e  r e s t  o f  t h e  g ro u p .
The f i r s t  component was a s  u s u a l  t h e  s i z e / s h a p e  component; 
th e  sp e c im en  was s e e n  t o  l i e  a t  one end o f  t h i s  a x i s  b e c au se  
o f  i t s  s m a l l  s i z e .  The second  component was composed o f  v a r i a b l e s  
J ,L  and N 4 ^ a l l  r e l a t e d  t o  t h e  s i z e  and p o s i t i o n  o f  t h e  p e r i p r o c t .
The sp ec im en s  p l o t t e d  am ongst t h o s e  w i th  t h e  l a r g e s t  p e r i p r o c t .
The t h i r d  com ponen t,w h ich  s e t s  t h e  sp ec im en  w e l l  a p a r t  from  th e  
r e s t  o f  t h e  s a m p l e , i s  composed o f  L and N2. The d e p th  o f  t h e  g roove  
a t  t h e  p o s t e r i o r  b o r d e r , ( N 2 ) ,w h ic h  was n o te d  s u b j e c t i v e l y  as  g iv in g  
th e  sp e c im en  a b i lo b e d  a p p e a r a n c e  i s  th u s  an  im p o r ta n t  d i s c r i m i n a t i n g  
c h a r a c t e r .  A lthough  o t h e r  V i l l e r s  spec im ens  p o s s e s s  a d e e p e r  g roove  
t h i s  i s  u s u a l l y  a s s o c i a t e d  w i th  a  v e r y  s m a l l  p e r i p r o c t . . I t  i s  a 
^ ^ I t i v a r i a t e  c h a r a c t e r , t h e  c o m b in a t io n  o f  a  l a r g e  p e r i p r o c t  and
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g ro o v e .w h ic h  d i s t i n g u i s h e s  t h i s  spec im en  from  th e  r e s t .  The p r o p o r t i o n  
o f  t h e  t o t a l  v a r i a n c e  o f  t h e  t h r e e  p r i n c i p a l  com ponents  i s  59%,10% 
and 10% r e s p e c t i v e l y .  F i g . 7 ,1 4  shows th e  second  component a g a i n s t  
th e  t h i r d , s o  e l i m i n a t i n g  any s i z e  d e p e n d e n t  c h a r a c t e r s  o f  t h e  
s p e c im e n s .  F i g , 7 ,1 5  t a b u l a t e s  e ig e n v a lu e s  and d i r e c t i o n  c o s in e s
o f  t h e  f i r s t  f o u r  p r i n c i p a l  com ponents .
Specim en V45 i s  s e e n  t o  be w e l l  s e p a r a t e d  from  th e  o t h e r  
N .m ic ra u lu s  spec im ens  and i s  t h e r e f o r e  o m i t t e d  from  f u r t h e r  a n a l y s é s ,
3 .  Com parison  be tw een  th e  V i l l e r s  and T r o u v i l l e  sam ples  
The r e s u l t s  o f  a  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  betw een 
th e  two sam p les  a r e ; *
S te p  2
V a r i a b l e s  L and Nl e n t e r e d
F m a t r i x  i n d i c a t e d  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  ( P <  1%) be tw een  
g ro u p  m eans.
Specim ens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  2%
S te p  3 
V a r i a b l e  B added
Specim ens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S te p  12 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  A,D and J
U - s t a t i s t i c  = .13  ( S i g n i f i c a n œ o f  i n e q u a l i t y  o f  g ro u p  m eans;
P < ,1%)
Specim ens c l a s s i f i e d  a s  100% r e p r e s e n t a i v e  o f  t h e i r  g ro u p  ( u s i n g  
p o s t e r i o r  p r o b a b i l i t y ) ;  99%
S pecim ens w i th  a  low p r o b a b i l i t y  (P < ,1%) o f  b e lo n g in g  to  t h e  
o p p o s in g  g ro u p  ( u s i n g  ^  ^ t e s t s  o f  D ^);  98%. Specim en X489 ( T r o u v i l l e )  
had a 1% p r o b a b i l i t y  o f  b e lo n g in g  t o  t h e  V i l l e r s  g ro u p .
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Villers sample.
15 variables, 25 cases.
Eigenvalues
8.84 1.58
Cumulative proportions of total
1.46
variance
1.07
59^
Eigenvectors
69% 79^ 86#
1 2 3 4
A — .33 - . 0 5 .06 • 07
B — .32 — .02 • 07 .07
C — . 30 — .16 — .22 - •17
D — . 30 - . 1 9 — .24 -.22
E — .30 .01 .18 .11
G "••33 - . 0 6 ' .03 • 09
H - . 2 7 .20 — . 03 .02
I — , 2 6 .31 • 25 — .12
J — .11 — , 49 • 24 • 53
L • . 10 -•47 .45 . - . 2 7
M - . 29 -.10 .21 — .07
Nl - . 2 7 • 23 -•35 .02
N2 — • 13 .28 .51 — • 44
N3 — .13 . 26 • 17 • 52
N4 . — .23 — .36 -. 26 -•23
Figure 7,15. Eigenvalues and direction cosines of the
first four eigenvectors for the Villers sample. 
The second and third eigenvectors are plotted 
in fig.7^14.
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T h is  d e g re e  o f  d i s c r i m i n a t i o n  i s  s i m i l a r  to  t h a t  betw een 
th e  T r o u v i l l e  and S igny  sa m p le s .
T h is  d i s t i n c t i o n  b e tw e e n . th e  V i l l e r s  and T r o u v i l l e  sam p les  
was c o n fi rm e d  by p r i n c i p a l  component and c l u s t e r  a n a l y s i s .  Both 
s e p a r a t e  t h e  two sam ples  p e r f e c t l y  i n t o  t h e i r  c o r r e c t  g r o u p in g s .
I n  t h e  p r i n c i p a l  component a n a l y s i s  t h e  seco n d  component s e p a r a t e d  
th e  two sa m p le s .  The f i r s t  component i s  t h e  s i z e  c o m p o n e n t , ( F ig .7 ,1 7 )  
a c c o u n t in g  f o r  62% o f  t h e  v a r i a b i l i t y , b u t  u n u s u a l l y  e x c lu d in g  J .
The seco n d  c o m p o n e n t ,a c c o u n t in g  f o r  a  l a r g e  p r o p o r t i o n  o f  t h e  v a r i a n c e  
a t  22%,i s  composed o f  v a r i a b l e s  J ,L  and a n  i n v e r s e  p r o p o r t i o n  o f  
v a r i a b l e  N l .  T h is  i s  to  be e x p e c te d  s i n c e  i f  t h e  a p i c a l  d i s c  i s  
i n  a  c o n s t a n t  p o s i t i o n , a  s h o r t e n i n g  o f  t h e  a n a l  s u l c u s  would r e s u l t  
i n  t h e  p e r i p r o c t  becoming i n c r e a s i n g l y  d i s t a l  t o  t h e  a p i c a l  sy s te m , 
and v i c e  v e r s a .  The l e n g t h  o f  t h e  p e r i p r o c t  (L ) i n c r e a s e s  a s  t h e  
l e n g t h  o f  t h e  a n a l  s u lc u s  ( J )  i n c r e a s e s .  The t h i r d  com ponent, 
c o m p r is in g  o n ly  6% o f  t h e  v a r i a b i l i t y , i s  composed o f  v a r i a b l e  I  
and N4 i n  i n v e r s e  p r o p o r t i o n s  show ing t h a t  a  g e n e r a l  i n c r e a s e  
i n  s i z e  o f  t h e  v e r t i c a l  h e i g h t  o f  t h e  p e r i p r o c t  r e s u l t s  i n  a  lo w e r in g  
o f  i t s  p o s i t i o n  so  t h a t  i t  l i e s  c l o s e r  t o  t h e  a d o r a i  s u r f a c e .
F i g . 7 ,1 6  i s  a p l o t  o f  t h e  second  and t h i r d  com ponents , 
w h i c h , t h e r e f o r e  e l i m i n a t e s  d i f f e r e n c e s  due  to  v a r i a t i o n  i n  t e s t  
s i z e  be tw een  th e  sa m p le s .  I t  c o n s e q u e n t ly  a c c o u n t s  f o r  o n ly  28% 
o f  t h e  v a r i a b i l i t y  b u t  t h e  p l o t  i s  a b l e  t o  d i s t i n g u i s h  p e r f e c t l y  
be tw een  t h e  two sa m p le s .  F i g . 7 ,1 7 . ' t a b u l a t e s  e ig e n v a lu e s  and 
d i r e c t i o n  c o s i n e s  f o r  t h e  f i r s t  f o u r  p r i n c i p a l  com ponents .
A h i e r a r c h i c a l  g ro u p in g  o f  t h e  two sam p les  showed th e  
V i l l e r s  sam ple  t o  be more homogeneous i n  m orphology  th a n  th e  T r o u v i l l e  
sam p le .  T h is  co u ld  be s im p ly  a  r e f l e c t i o n  o f  t h e  l a r g e r  sam ple 
s i z e  o f  t h e  T r o u v i l l e  g r o u p ,p ro d u c in g  g r e a t e r  d i v e r s i t y  o f  fo rm .
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PRINCIPAL COMPONENT ANALYSIS
Trouville and Villers samples,
14 variables, 43 cases.
Eigenvalues
8 . 7 2  3 . 1 1  . 77  . 58
Cumulative proportions of total variance
62# 84# 90# ' 94#
Eigenvectors
1 2  3 4
A — •33 — .12 .05 —.18
B - . 3 3 ^03 •OS -•IS
c  — .32 .01 —.31 .13
D —. 32  —. 0 1  —. 34  . 1 3
E - . 3 2 - . 0 3 .18 - . 08
G -.32 -.IS .03 - . 2 4
H - . 2 9 - . 0 7 .34 .04
I - . 2 7 .11 _ .44 .22
J - . 0 9 •SO .03 -^44
L -.02 .5S ^04 - . 1 6
M —.32 —.04 .04 —.24
Nl - . 1 5 -•SO - . 0 3 ^08
N2 ' - . 1 8 .32 .19 - 7 0
N4 - . 2 5 •19 - . 6 3 .IS
Figure 7,17^ Eigenvalues and direction cosines of the 
first four eigenvectors for the Trouville 
and Villers samples. The second and third 
eigenvectors ate plotted in fig.7^10
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At t h e  s t a g e  o f  f o r m a t io n  o f  f o u r  g ro u p s  t h e  V i l l e r s  sam ple  had 
been  f u l l y  and c o r r e c t l y  c l u s t e r e d  w h i l s t  t h e  T r o u v i l l e  sam ple  
was d i v i d e d  be tw een  th e  r e m a in in g  t h r e e  g r o u p s .  T hese  t h r e e  T r o u v i l l e  
g ro u p s  w ere  g r a d u a l l y  combined w i th  i n c r e a s i n g l y  l a r g e r  e r r o r s  
w i th  t h e ' a d j a c e n t *  and 'rem o te*  g ro u p in g  o f  e a r l i e r  a n a ly s e s  
b e in g  form ed ( s e e  p . 134 ) .  A t th e  s t a g e  o f  f o r m a t i o n  o f  two g ro u p s  
a l l  sp ec im en s  w e re  c l u s t e r e d  i n t o  t h e i r  o r i g i n a l  s a m p le s ,
B i v a r i a t e  a n a ly s e s  o f  red u c e d  m a jo r  ax es  be tw een  th e  two sam ples  
showed a  d e g r e e  o f  d i f f e r e n c e  a s  g r e a t  a s  t h a t  be tw een  N . s c u t a t u s  
and N .e l o n g a t u s . When a x e s  w ere  c o n s t r u c t e d  f o r  A w i t h  a l l  o t h e r  
v a r i a b l e s , f i v e  s l o p e s  (A w i t h  E ,L ,N l,N 2  and N3) w ere  h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) be tw een  t h e  two sam p les  and a  
f u r t h e r  two s l o p e s  (A w i th  B and N4) w ere  p r o b a b ly  s i g n i f i c a t n l y  
d i f f e r e n t  (1% < P < 5%). Reduced m a jo r  a x e s  f o r  t h e  two im p o r ta n t  
d i s c r i m i n a t i n g  v a r i a b l e s  L and Nl w i t h  a l l  o t h e r  v a r i a b l e s  w ere  
v e ry  d i f f e r e n t  be tw een  t h e  two sa m p le s .  Fo r  e x a m p le , f o r  L a  t o t a l  
o f  e l e v e n  s l o p e s  w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  K , 1%) 
and t h e  o t h e r  t h r e e  w ere  p r o b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%). 
I n  t h e  c a s e  o f  Nl t h i r t e e n  s l o p e s  w ere  h i g h l y  s i g n i f i c a t n l y  d i f f e r e n t  
(P < 1%).
Thus a l t h o u g h  t h e  sam p les  from  V i l l e r s  and T r o u v i l l e  come 
from  t h e  same s t a g e  o f  t h e  u p p e r  J u r a s s i c , t h e y  a r e  c l e a r l y  d i s t i n c t ,  
and r e p r e s e n t  tw o  d i f f e r e n t  s p e c i e s , N .m ic r a u lu s  and N . s c u t a t u s  
r e s p e c t i v e l y ,
4 .  C om parison  b e tw een  t h e  V i l l e r s  and a l l  N.SCUTATUS sam ples
The d i s c r i m i n a n t  a n a l y s i s  o f  t h e  p r e v io u s  c om par ison  was 
e x te n d e d  t o  i n c l u d e  t h e  f i v e  m a jo r  sam p les  o f  N . s c u t a t u s , i . e . C o t h i l l ,  
Bran P o i n t , T r o u v i l l e , W o o t t o n  B a s s e t t  and U p w a re , to  d e te r m in e  w h e th e r
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t h e  V i l l e r s  sam ple  b o re  a  c l o s e  r e s e m b la n c e  t o  any  p a r t i c u l a r  
N . s c u t a t u s  g ro u p .
A t t h e  end o f  t h e  a n a l y s i s  t h e  two s p e c i e s  w e re  w e l l  
s e p a r a t e d  from  each  o t h e r , a n d  t o  a  much g r e a t e r  e x t e n t  th a n  be tw een  
N . s c u t a t u s  and N . l a t i p o r u s , The U - s t a t i s t i c , a t  . 0 3 , showed a  h ig h  
s i g n i f i c a n t  d i f f e r e n c e  be tw een  g roup  means a t  t h e  .1% l e v e l .  A l l ,  
e x c e p t  one  V i l l e r s  sp e c im en ,w ere  100% r e p r e s e n t a t i v e  o f  t h e i r  own 
g ro u p ,n o  o v e r l a p  o c c u r r i n g  betw een  t h e  two g r o u p s .  M oreover t h e  
g roup  mean o f  t h e  V i l l e r s  sam ple  was h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  
from a l l  o t h e r  s a m p le s ,a l th o u g h  i t  was p o s s i b l y  c l o s e r , a s  r e v e a l e d  
by a  lo w e r  F s t a t i s t i c , t o  t h e  C o t h i l l  and Bran P o in t  g r o u p s .  T hese  
a r e  N . s c u t a t u s  g ro u p s  w i t h  s m a l l  p e r i p r o c t s .
B i v a r i a t e  a n a ly s e s  a l s o  showed a  h i g h e r  d e g re e  o f  s i m i l a r i t y  
b e tw een  V i l l e r s  and C o t h i l l  th a n  betw een  V i l l e r s  and T r o u v i l l e ,  
a l t h o u g h  t h i s  may have  been  due  t o  d i f f e r e n c e s  i n  sam ple  s i z e .
For v a r i a b l e s  fou n d  t o  be im p o r ta n t  i n  d i s t i n g u i s h i n g  be tw een  
N . s c u t a t u s  and N .m ic ra u lu s  i n  t h e  p r e v io u s  a n a l y s i s , i . e .  L and N l ,  
few e r  a x e s  w ere  d i f f e r e n t  be tw een  sam ples  when V i l l e r s  was compared 
w i th  C o t h i l l  t h a n  when i t  was compared t o  T r o u v i l l e .  F o r  A w i t h  
a l l  o t h e r  v a r i a b l e s  f i v e  s lo p e s  a r e  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  
( P <  1%) and one  p r o b a b ly  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%).
For  L t h e  r e s u l t s  a r e  s e v e n  and one s l o p e s  and f o r  Nl e i g h t  and 
t h r e e  s l o p e s  r e s p e c t i v e l y .
The two u p p e r  J u r a s s i c  s p e c i e s , N .m ic ra u lu s  ( V i l l e r s )  and 
N . s c u t a t u s  ( f ro m  f i v e  l o c a l i t i e s )  a r e  c l e a r l y  d i s t i n c t  b o th  
s u b j e c t i v e l y  and s t a t i s t i c a l l y .  The N . s c u t a t u s  sam ple  w h ich  m ost 
c l o s e l y  r e s e m b le s  N .m ic ra u lu s  i s  t h a t  from  C o t h i l l , f r o m  a  s i m i l a r l y  
f i n e - g r a i n e d  m a t r i x  (?  = s u b s t r a t e ) .
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5 .  Com parison  be tw een  th e  V i l l e r s , T r o u v i l l e  and S igny  sam ples
The l a r g e  V i l l e r s  ( N .m ic r a u lu s ) and S ig n y  ( N .am p lus) sam p les  
h av e  been  shown above  t o  be im p o r ta n t  g ro u p s  i n  b i o m e t r i c a l  a n a l y s i s ,  
i n  t h a t  t h e y  a r e  e a s i l y  d i s t i n g u i s h a b l e  from  N . s c u t a t u s  b o th  
s u b j e c t i v e l y  and s t a t i s t i c a l l y .  Indeed  th e y  form  s t a n d a r d  p o i n t s  
o f  r e f e r e n c e  t h a t  s ta n d  a p a r t  from th e  g e n o ty p e  and i t s  a n t e c e d e n t  
s p e c i e s  N . l a t i p o r u s  ( e . g . F i g . 7 ,1 3 ) .  One o t h e r  s p e c i e s , N .w oodw ardil  
i s  c l o s e  t o  N .a m p lu s , i n  t h e  same way t h a t  N . s c u t a t u s  i s  c l o s e  t o  
N . l a t i p o r u s . The f o u r t h  m a jo r  g ro u p in g  t o  emerge i s  t h e  S t r a t t o n  
A udley  sam ple  o f  N . e l o n g a t u s , a  v e r y  s m a l l  and p o o r ly  p r e s e r v e d  
sam ple  t h a t  can  o n ly  be u se d  e f f e c t i v e l y  w i th  c o n - s p e c i f i c  spec im ens  
from  o t h e r  c o l l e c t i o n s .  The d i s t i n ^ L e s s  o f  t h i s  g ro u p  and t h e  e q u a l l y  
s m a l l  a n d 'p o o r l y  p r e s e r v e d  sam ple  from  S e lo n g e y  r e p r e s e n t i n g  
N .b u rg u n d ia e  i s  t h e r e f o r e  q u e s t i o n a b l e .  T h is  s e c t i o n  t h e r e f o r e  makes 
c o m p a r iso n  be tw een  t h e  t h r e e  l a r g e s t  g ro u p s .
I t  i s  s e e n  t h a t  a t  t h i s  h i g h e r  taxonom ic  l e v e l , c e r t a i n  
sam p les  c an  r e p r e s e n t  t h e  s p r e a d  o f  m o rp h o lo g ic a l  v a r i a t i o n  w i t h i n  
t h e  l a r g e r  g ro u p s  i n  t h e  same way t h a t  t h e  T r o u v i l l e  sam ple  h a s  been  
u sed  a s  t h e  s i n g l e  r e p r e s e n t a t i v e  o f  N . s c u t a t u s . T h is  i s  a c h ie v e d  
w i t h o u t  d e t r i m e n t  t o  t h e  s t a t i s t i c a l  c e r t a i n t y  o f  r e s u l t s .  I t  a l s o  
a l lo w s  a c l e a r e r  p l e u r e  o f  r e l a t i o n s h i p s  t o  emerge by r e d u c in g  t h e  
number o f  spec im ens  p l o t t e d  p e r  g r a p h .  The f o u r  sam ples  w hich  w i l l  
be u se d  t o  c h a r a c t e r i s e  t h e s e  m a jo r  g ro u p s  a r e : -
a )  T r o u v i l l e , r e p r e s e n t i n g  t h e  N . s c u t a t u s  -  N . l a t i p o r u s  p l e x u s .
b )  N .e lo n g a tu s  g ro u p  r e p r e s e n t e d  by t h e  S t r a t t o n  A udley 
sam ple  and t h e  two s i n g l e  spec im ens  from  S ig n y  and t h e  Lam bert 
c o l l e c t i o n .
c )  S i g n y , r e p r e s e n t i n g  t h e  N .am plus -  N .w oodw ardii  p l e x u s .
d )  V i l l e r s , r e p r e s e n t i n g  N .m ic r a u lu s .
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I n  o r d e r  t o  e x p lo r e  t h e  d i f f e r e n c e s  be tw een  t h e  t h r e e  l a r g e  
g r o u p s , a  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was t h e r e f o r e  c a r r i e d  o u t  
l i m i t e d  to  t h e  T r o u v i l l e , S i g n y  and V i l l e r s  s a m p le s .  O nly  t h e  14  
v a r i a b l e s  u s u a l l y  employed f o r  th e  S ig n y  sam ple  w ere  u s e d .
S t e p  2 /
V a r i a b l e s  J  and L e n t e r e d .
F m a t r i x  i n d i c a t e d  t h a t  t h e  S ig n y  sam ple  became h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  ( P < 1%) from  a l l  o t h e r  g ro u p  m eans.
S te p  3 
V a r i a b l e  Nl e n t e r e d .
A l l  g ro u p s  became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) from  each  
o t h e r .
S t e p  4 
V a r i a b l e  B added
/
Specim ens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S te p  11 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  C,G and M
U - s t a t i s t i c  = .0 0 4  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g roup  m eans;
P < .1%)
Specim ens c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e i r  own g ro u p
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  100%
V a r i a b l e  M i s  n o t  u se d  i n  t h e  d i s c r i m i n a t i n g  p ro c e d u re
w h ereas  p r e v i o u s l y  ( s e e  p .  203 ) i t  was t h e  f i r s t  v a r i a b l e  t o  be
used  i n  d i s t i n g u i s h i n g  be tw een  th e  T r o u v i l l e  and S ig n y  s a m p le s .
The c a n o n ic a l  v a r i a t e  p l o t  showed t h r e e  d i s t i n c t  homogeneous
g r o u p s , a l l  w e l l  s e p a r a t e d , w i t h  t h e  T r o u v i l l e  sam ple  o ccu p y in g  a
c e n t r a l  p o s i t i o n .
I n  a  p r i n c i p a l  component a n a l y s i s  a  c l o s e r  r e l a t i o n s h i p  
was s e e n  be tw een  two o f  t h e  s a m p le s .  The second  p r i n c i p a l  component
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form ed was t h e  u s u a l  s i z e / s h a p e  c o m p o n e n t ,p ro d u c in g  a  g row th  e l a n e n t  
i n  t h e  g r a p h s .  The p l o t  o f  t h e s e  two c o m p o n e n ts ,c o m p r is in g  78% o f  
t h e  t o t a l  v a r i a n c e ,p r o d u c e d  o n ly  two d i s t i n c t  g row th  l i n e s ;  one 
form ed by th e  V i l l e r s  s p e c im e n s , t h e  o t h e r  by t h e  S ig n y  and T r o u v i l l e  
spec im ens  i n t e r m i x e d .  T h is  second  component was s i m i l a r  t o  t h e  
second  component o f  t h e  V i l l e r s  -  T r o u v i l l e  p l o t  e x e p t  t h a t  i t  
e x c lu d e d  v a r i a b l e  J  to  a  g r e a t e r  d e g r e e .  V a r i a b l e  Nl was a l s o  t h e  
c o - c o n t r i b u t o r , a l o n g  w i t h  N 2 , to  th e  second  component o f  t h e  
S ig n y  -  T r o u v i l l e  a n a l y s i s .
The p r i n c i p a l  component a n a l y s i s  a p p a r e n t l y  e q u a te d  t h e  S ig n y  
and T r o u v i l l e  sam p les  b e c a u s e  o f  t h e  s m a l l e r  v a lu e  o f  Nl i n  t h e s e  
g ro u p s  a s  opposed  t o  t h e  ' r e m o t e '  c o n d i t i o n  o f  t h e  V i l l e r s  s a m p le .  
T h e r e f o r e , d e s p i t e  t h e  s i m i l a r i t i e s  i n  a g e  and o v e ra l l  m o rp h o lo g y  
be tw een  V i l l e r s  and T r o u v i l l e , t h e  l a t t e r  sam ple  i s  p l a c e d  w i t h  t h e  
o l d e r  S ig n y  sam ple  on t h e  e v id e n c e  o f  t h e  l a r g e r  p e r i p r o c t  and  i t s  
p r o x im i ty  t o  t h e  a p i c a l  s y s te m , ( F i g . 7 , 1 8 ) .
A s i m i l a r  p a t t e r n  was p roduced  i n  a  p l o t  o f  t h e  f i r s t  a « l  
t h i r d  c o m p o n e n ts , th e  t h i r d  component a d d in g  9% t o  t h e  v a r i a b i l i t y  
and b e in g  composed o f  v a r i a b l e s  L,N1,N2 and N4 i n  a lm o s t  e q u a l  
p r o p o r t i o n s .  I n  t h i s  p l o t  a  c l e a r  d i s t i n c t i o n  was a g a i n  fou ia l  
be tw een  t h e  V i l l e r s  and T r o u v i l l e  s a m p l e s , t h e  S ig n y  sp ec im en s  
how ever s p a n n in g  b o th  g row th  l i n e s .  T h is  i s  t h e  r e s u l t  o f  t h e  S ig n y  
spec im ens  h a v in g  some m o rp h o lo g ic a l  a f f i n i t i e s  t o  t h e  V i l l e r s  s a m p le  
i n  p o s s e s s i n g  a  sm a l l  p e r i p r o c t  and a  s m a l l e r  i n d e n t a t i o n  o f  t h e  
p o s t e r i o r  b o r d e r  (L and N2) w h i l s t  t h e  p e r i p r o c t  and a p i c a l  s y s te m  
l i e  i n  c l o s e  p r o x im i ty  (N l)  a s  i n  t h e  T r o u v i l l e  sa m p le .  F i g . 7 ,1 9  
t a b u l a t e s  e ig e n v a lu e s  and d i r e c t i o n  c o s in e s  f o r  t h e  f i r s t  f o u r  
p r i n c i p a l  com ponents .
A h i e r a r c h i c a l  c l u s t e r i n g  o f  t h e  same spec im ens  showed
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PRINCIPAL COMPONENT ANALYSIS
Signy, Trouville and Villers samples.
13 variables, 71 cases.
Eigenvalues
8 . 5 5  1 . 5 7  1 . 2 2  . 6 5
Cumulative proportions of total variance
66# 78# 87# 92#
Eigenvectors
1 2  3 4
A - . 3 3  - . 1 5  . 02  . 03
B - . 3 3  . . 01  . 10  . 00
C —. 3 2  —. 0 7  —. 2 0  —. 1 5
D — . 3 2  — . 0 9  —.22  —. 1 6
G —. 3 3  —. 1 7  . 0 5  —.02
H - . 2 8  - . 1 8  ' - . 1 3  .21
I  - . 2 9  . 0 9  . 1 7  . 3 0
J - . 2 8  . 3 2  . 3 0  - . 1 6
L . 12  . 5 0  - . 4 5  - . 2 0
M - . 3 3  - . 0 1  . 1 5  , . 00
Nl  . 12  - . 6 3  ' r.41 . 13
N2 - . 1 5  . 3 7  - . 4 2  , 7 0
N4 ' - . 2 5  . 0 8  - . 4 4  - . 4 9
Figure 7*19* Eigenvalues and direction cosines of the 
first four eigenvectors for the Signy, 
Trouville and Villers samples. The first 
two eigenvectors are plotted in fig.7,18*
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t h a t  t h e  same h om ogene ity  e x i s t s  w i t h i n  each  o f  t h e  t h r e e  s a m p le s .
At t h e  s t a g e  o f  f o r m a t io n  o f  s i x  g ro u p s  each  sam ple  was s p l i t  
be tw een  two c l u s t e r s , a f t e r  w hich each  p a i r  o f  c l u s t e r s  was com bined 
u n t i l  t h e  t h r e e  o r i g i n a l  sam ples  w ere  fo rm e d .  A t t h e  s t a g e  o f  f o r m a t i o n  
o f  two g ro u p s  t h e  S igny  and T r o u v i l l e  sam p les  w ere  combined a l t h o u g h  
n o t  w i t h o u t  a  l a r g e  i n c r e a s e  i n  e r r o r , a g a i n  e x e m p l i f y in g  t h e  
d i s t i n c t i v e  m orphology  o f  t h e  V i l l e r s  s p e c im e n s .
To c o n f i rm  th e  v a l i d i t y  o f  u s in g  s i n g l e  sam p les  o f  m a jo r  
s p e c i e s  g r o u p s , a  d i s c r i m i n a n t  f u n c t i o n  a n a y s i s  was pe rfo rm ed  on 
bo th  t h e  o r b i c u l a r  sam p les  (S ig n y ,M a rq u is e )  and f o u r  N . l a t i p o r u s  -  
N . s c u t a t u s  g ro u p s  ( S t r a t t o n  A u d i e y ,H y d r e q u e n t ,T a l a n t ,T r o u v i l l e )  a s  
w e l l  a s  t h e  V i l l e r s  s a m p le .  G roup ings  o f  sam p les  and s p e c i e s  emerged 
as  i n  p r e v io u s  a n a ly s e s  ( e . g .  F i g . 7 , 1 1 ) .
The V i l l e r s  s a m p le (N .m ic r a u lu s ) i s  th u s  c l e a r l y  d i s t i n c t  
from  N .am plus  ( S ig n y )  a s  w e l l  a s  N . s c u t a t u s  ( T r o u v i l l e ) .
6 .  C om p ariso n ^ o f6t h e  V i l l e r s  sam ple  w i t h  p r e v i o u s l y  exam ined  
s p e c i e s
The a n a l y s i s  was f u r t h e r  e x te n d e d  t o  i n c l u d e  t h e  N .e l o n g a tu s  
g r o u p ,a  g ro u p  fo u n d  to  be  d i s t i n c t  i n  e a r l i e r  a n a l y s e s , t h r o u g h  t h e  
u s e  o f  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .
s t e p  1
V a r i a b l e  Nl e n t e r e d  (Nl became im p o r ta n t  when t h e  r a n g e  o f  s a m p le s  
was e x te n d e d  i n  t im e  o r  m o rp h o lo g ic a l  v a r i e t y , a c h i e v e d  by th e  
a d d i t i o n  o f  t h i s  e lo n g a t e  m id d le  J u r a s s i c  s p e c i e s  s a m p le ) .
S t e p  2 
V a r i a b l e  B e n t e r e d ,
F m a t r i x  i n d i c a t e d  t h a t  t h e  V i l l e r s  sam ple  became h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P <  1%) from a l l  o t h e r  g ro u p  m eans. The T r o u v i l l e  and 
S ig n y  sam p les  a l s o  became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t .
V il le r s  specimens c la s s i f ie d  wrongly by p o s te r io r  p ro b a b i l i ty ;  0%
245
Step  5
V a r ia b le s  ÎN2,L and A en tered
F m a t r i x  i n d i c a t e d  t h a t  a l l  m ajo r  g r o u p in g s  became h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P  < 1%) from  each  o t h e r ,  /
S t e p  6 /
V a r i a b l e  J  added
Absence  o f  o v e r l a p  i n  c l a s s i f i c a t i o n  o f  sp ec im en s  be tw een  m a jo r  
g r o u p in g s .
A g a in  v a r i a b l e  M i s  n o t  u sed  i n  t h i s  a n a l y s i s .  P o s s i b l y  t h e  
i n c r e a s e d  im p o r ta n c e  o f  N l , i t s e l f  c l o s e l y  g o ve rned  i n  s i z e  by t h e  
l e n g t h  o f  M ,n e g a te s  t h e  d i s c r i m i n a t i n g  power o f  M ( d i s t a n c e  o f  t h e  
a p i c a l  d i s c  from  th e  a n t e r i o r  o f  t h e  t e s t ) .
F i g , 7 ,2 0  i s  a  p l o t  o f  a  c a n o n ic a l  v a r i a t e  a n a l y s i s  c a r r i e d  
o u t  on o n ly  t h e  r e p r e s e n t a t i v e  members o f  each  m a jo r  g r o u p i n g , t h e  
p a t t e r n  o f  d i s c r i m i n a t i o n  b e in g  a lm o s t  Went i c a l  t o  t h a t  o f  a l l  
s a m p le s .  The f i r s t  two c a n o n ic a l  v a r i a b l e s  r e p r e s e n t  o v e r  92% o f  
t h e  t o t a l  d i s p e r s i o n , a  h i g h e r  p e r c e n ta g e  th a n  i f  a l l  sam ples  a r e  
u s e d ,a n d  t h e r e f o r e  p ro d u c in g  a  more r e p r e s e n t a t i v e  d i s t r i b u t i o n  o f  
s p e c im e n s .  I t  i s  s e e n  t h a t  t h e  e lo n g a t e  O x f o r d ia n  V i l l e r s  sam ple  
l i e s  i n  a  co m parab le  p o s i t i o n  t o  i t s  con tem poraneous  rounded  T r o u v i l l e  
sam ple  a s  t h e  e lo n g a t e  B a th o n ia n  N .e lo n g a tu s  g ro u p  d o e s  t o  i t s  
con tem poraneous  rounded  S ig n y  sa m p le .  S e p a r a t i o n  i s  a c h ie v e d  by 
two o r th o g o n a l  v e c t o r s .  The f i r s t  ( a  sh ap e  v e c t o r )  t r e n d s  from  to p  
l e f t  t o  bo t tom  r i g h t , a n d  s e p a r a t e s  e l o n g a t e  ( t o p  l e f t )  from  rounded  
fo rm s (b o t to m  r i g h t ) .  The second  ( a n  a g e  v e c t o r )  s e p a r a t e s  m id d le  
J u r a s s i c  s p e c i e s  ( t o p  r i g h t )  from  u p p e r  J u r a s s i c  s p e c i e s  (b o t to m  
l e f t ) .  T h is  second  ( a g e )  v e c t o r  c o r r e l a t e s  w i t h  t h e  s i z e  o f  J  
( l e n g t h  o f  t h e  a n a l  s u l c u s ) , a  s h o r t e r  s u l c u s  b e in g  c h a r a c t e r i s t i c  
of s t r a t i g r a p h i c a l l y  y o u n g e r  s p e c i e s .
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The m a jo r  d i s c r i m i n a t i n g  v a r i a b l e s  w ere  i n  g e n e r a l  t h e  same 
t h ro u g h o u t  a l l  a n a ly s e s  i n v o lv in g  t h e  V i l l e r s  s a m p l e ,b u t  t h e y  assum e 
a d i f f e r e n t  d e g re e  o f  im p o r ta n c e  w i th  t h e  a d d i t i o n  o f  t h e  
s t r a t i g r a p h i c a l l y  o l d e r , e l o n g a t e  N .e lo n g a tu s  g ro u p .  N .m ic r a u lu s  
i s  a s  d i s t i n c t  b o th  s u b j e c t i v e l y  and s t a t i s t i c a l l y  from  N .e l o n g a tu s  
a s  i t  i s  from  N .am plus and N . s c u t a t u s .
7 .  C l a s s i f i c a t i o n  o f  V i l l e r s  specim en  V&5
Specim en V45 p o s s e s s e s  th e  m orphology  o f  t h e  N . s c u t a t u s  — 
N . l a t i p o r u s  g ro u p  o f  s a m p le s ,a n d  was e l i m i n a t e d  from  a n a l y s i s  w i t h  
t h e  V i l l e r s  sam ple  ( p . 2 3 1 ) .  I t  was c l a s s i f i e d  by d i s c r i m i n a n t  
f u n c t i o n  a n a l y s i s  w i t h i n  t h e  fram ew ork  o f  t h e  s p e c i e s  s t u d i e d  h e r e  
by r e f e r r i n g  i t  t o  t h e  g ro u p  w i th  w hich  i t  b o re  m ost  r e s e m b la n c e *
The sam p les  u sed  i n  t h i s  p ro c e d u re  w e re  th o s e  a p p a r e n t l y  m ost  s i m i l a r ;  
t h e  t h r e e  N . l a t i p o r u s  s a m ip le s , th e  T r o u v i l l e  sam ple  o f  N . s c u t a t u s # 
th e  N .e lo n g a tu s  g r o u p , t h e  V i l l e r s  sam ple  o f  N .m ic r a u lu s  arwi t h e  
sam ple  ( n o t  y e t  d i s c u s s e d )  from  Devecey r e p r e s e n t i n g  N . s u b q u a d r a t u s .  
At t h e  end o f  t h e  ' c l a s s i f i c a t i o n '  p r o c e d u r e  spec im en  V45 was 
c l a s s i f i e d  100% r e p r e s e n t a t i v e  o f  t h e  S t r a t t o n  A udley  sam ple  o f  
N . l a t i p o r u s  and a t  no t im e  i n  t h e  p r o c e d u r e  was i t  c l a s s i f i e d  w i t h  
sam p les  r e p r e s e n t i n g  o t h e r  s p e c i e s .  H ow ever,a  X ^ t e s t  o f  t h e  
M ahalanob is  d i s t a n c e  i n d i c a t e d  a low p r o b a b i l i t y  (P  < .5%) o f  t h e  
s p e c i e s  b e lo n g in g  t o  t h e  S t r a t t o n  A ud ley  sam ple  o f  N . l a t i p o r u s  
b u t  a n  even  more rem o te  p r o b a b i l i t y  (P  < ,1%) o f  b e lo n g in g  t o  a n y  
o t h e r  g ro u p .  The g ro u p  mean o f  th e  S t r a t t o n  A ud ley  sam ple  was h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  from  a l l  o t h e r  sam p les  r e p r e s e n t i n g  d i f f e r e n t  
s p e c i e s , i n c l u d i n g  T r o u v i l l e .  However a s  h a s  b e e n  o b s e rv e d  b e f o r e #  
homeomorphy can  o c c u r  be tw een  N . l a t i p o r u s  and N . s c u t a t u s  b u t  n o t  
w i th  sam p les  from  o t h e r  m a jo r  g r o u p in g s .  Specim en V45 i s  t h e r e f o r e
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v e r y  l i k e l y  t o  be a specim en  o f  N . l a t i p o r u s  o r  p o s s i b l y  N . s c u t a t u s  
b u t  c e r t a i n l y  n o t  N . e l o n g a t u s , N .m i c r a u lu s , N .s u b q u a d r a tu s  o r  any  
o t h e r  s p e c i e s  so  f a r  s t u d i e d  o u t s i d e  t h e  N . s c u t a t u s  -  N . l a t i p o r u s  
p l e x u s .
/
/
8. C l a s s i f i c a t i o n  o f  A g a s s iz  ty p e  spec im en  o f  N.MICRAULUS 
The same sam p les  and p ro c e d u r e s  w ere  a d o p te d  f o r  t h e  
c l a s s i f i c a t i o n  o f  a  c a s t  from  th e  B r i t i s h  Museum ( N a tu r a l  H i s t o r y )  
o f  t h e  A g a s s iz  t y p e  sp ec im en .  V a r i a b l e s  D and N3 c o u ld  n o t  be 
a c c u r a t e l y  m easured  on t h e  c a s t  and w ere  t h e r e f o r e  om m itted  from  t h e  
c l a s s i f i c a t i o n .  A t t h e  c o m p le t io n  o f  t h e  a n a l y s i s  t h e  spec im en  
l a b e l l e d  MIC was c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e  V i l l e r s  
s a m p le ,w h ich  was i t s e l f  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P  < 1%) 
from  any  o t h e r  sam ple  w i t h  no o v e r l a p  o c c u r r i n g  be tw een  i t s e l f  an d  
any o t h e r  g ro u p .  F u r th e rm o re  a  X ^ t e s t  o f  t h e  M a h a lanob is  d i s t a n c e  
i n d i c a t e d  a n  e x t r e m e ly  low p r o b a b i l i t y  (P  < .01%) o f  t h e  A g a s s iz  
spec im en  b e lo n g in g  t o  any  o t h e r  g ro u p  e x c e p t  t h e  V i l l e r s  sam ple  
(P = .3% ). T h is  e v id e n c e  s u g g e s t s  t h a t  t h e  V i l l e r s  sam ple  i s  c o r r e c t l y  
named N .m i c r a u lu s .
7 G) C o n c lu s io n s
Computer com p ar iso n s  o f th e s e  f i v e  J u r a s s i c  s p e c i e s  i n d i c a t e  
t h a t  two d i s t i n c t  l e v e l s  o f  g ro u p in g s  a r e  p r e s e n t .  A t t h e  f i r s t  
l e v e l  i t  i s  shown above t h a t  N .w oodw ard ii  i s  n o t  e a s i l y  s e p a r a t e d  
from  N .a m p lu s . I n  a l l  m u l t i v a r i a t e  c o m p a r iso n s  N .w oodw ard ii  i s  s e e n  
t o  l i e  v e r y  c l o s e  t o , a n d  o v e r l a p  w i t h , N .am plus i n  a  s i m i l a r  m anner 
to  t h e  N . s c u t a t u s  -  N . l a t i p o r u s  g r o u p in g s .  A t t h e  second  l e v e l ,  
t h e  f o u r  s p e c i e s , N . e l o n g a t u s ; N .a m p lu s , N .b u rg u n d ia e  and  N .m ic r a u lu s  
a r e  d i s t i n c t  from  each  o t h e r  and can  be d i s t i n g u i s h e d  from  t h e  t y p e
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s p e c i e s  th ro u g h  t h e  u s e  o f  o n ly  two m easu red  v a r i a b l e s .  A t l e a s t  
one o f  t h e  two c h a r a c t e r s  i s  e i t h e r  N1 o r  L . I t  i s  n o te d  t h a t  no 
s i g n i f i c a n c e  can  be a t t a c h e d  t o  t h e  d i f f e r e n c e s  be tw een  N .w oodw ardii  
and N .a m p lu s , More spec im ens  a r e  n e e d e d ,a n d  t h e  ty p e  spec im en  o f  
N .w oodw ard ii  s h o u ld  be l o c a t e d , b e f o r e  f u r t h e r  judgem en ts  can  be 
made on  i t s  taxonom ic  p o s i t i o n .
I t  i s  e v i d e n t  from  a com parison  o f  r e s u l t s  t h a t  s e l e c t e d  
sam p les  c an  be u sed  t o  c h a r a c t e r i s e  l a r g e r  g ro u p in g s  o f  sam ples  
i n  many b i o m e t r i c a l  a n a l y s e s .  A c c o r d i n g l y , t h e  a u t h o r ' s  T r o u v i l l e  
s h o r e  sam ple  c an  be u se d  t o  d e f i n e  t h e  p o s i t i o n  o f  a l l  s e v e n  sam ples  
o f  N , s c u t a t u s  and a l s o  t h e  t h r e e  sam ples  o f  N . l a t i p o r u s  i n  m u l t i v a r i a t e  
c o m p a r is o n s .  S i m i l a r l y , t h e  S ig n y  sam ple  c a n  be u se d  t o  r e p r e s e n t  
b o th  S ig n y  and  M arq u ise  i n  many a n a l y s e s ,
N , s c u t a t u s  i s  d i s t i n g u i s h e d  from  N .e lo n g a tu s  s u b j e c t i v e l y  
by d i f f e r e n c e s  i n  t h e  o u t l i n e  o f  t h e  t e s t , t h e  fo rm e r  s p e c i e s  b e in g  
o v a t e  and t h e  l a t t e r  e l o n g a t e .  I n  b i o m e t r i c a l  a n a ly s e s  how ever, 
t h e  l e n g t h  o f  t h e  p e r i p r o c t , L , i t s  h e i g h t  w i t h i n  t h e  s u lc u s ,N 4 ,a n d  
t h e  p o s i t i o n  o f  t h e  a p i c a l  d i s c ,M ,a r e  o f  p r im a ry  d i s c r i m i n a t i n g  
im p o r ta n c e .  I n  N .e l o n g a t u ÿ v a r i a b l e  L i s  h i g h l y  n e g a t i v e l y  c o r r e l a t e d  
w i th  o t h e r  m easu rem en ts  o f  t h e  g r o s s  m orphology  o f  t h e  t e s t , w h i l s t  
i n  N , s c u t a t u s  t h e r e  i s  no s i g n i f i c a n t  c o r r e l a t i o n  be tw een  t h e s e  y  
v a r i a b l e s .  F u r th e r m o r e , t h e  p e r i p r o c t  i s  c o n s i s t e n t l y  lo w e r  i n  
p o s i t i o n  w i t h i n  t h e  a n a l  s u l c u s  and t h e  a p i c a l  d i s c  o c c u p ie s  a  more 
c e n t r a l  p o s i t i o n  w i t h i n  spec im ens  o f  N ,e lo n g a tu s  th a n  i n  specim ens  
o f  N , s c u t a t u s . Growth p a t t e r n s  w i t h i n  t h e  two s p e c i e s  a r e  a l s o  v e r y  
d i f f e r e n t .  Reduced m a jo r  a x e s  f o r  l e n g t h  w i t h  b r e a d t h , h e i g h t , p o s i t i o n  
o f  t h e  p e r i s to m e  and t h e  d i s t a n c e  be tw een  th e  a p i c a l  d i s c  and t h e  
p e r i p r o c t  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  These  d a t a  s u p p o r t  t h e  
s u b j e c t i v e  a p p r a i s a l  o f  N ,e lo n g a tu s  a s  a  n a r ro w e r  and f l a t t e r  s p e c i e s
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t h a n  N ,s c u t a t u s  w i t h  t h e  p e r i p r o c t  i n  c l o s e r  c o n t a c t  w i t h  t h e  a p i c a l  
d i s c ,
N .e lo n g a tu s  o c c u rs  w i th  N . l a t i p o r u s  i n  C o rn b ra sh  s t r a t a ,  
and c o m p ar iso n s  o f  r ed u c e d  m a jo r  a x e s  r e v e a l  s i m i l a r  d i f f e r e n c e s  
t o  t h o s e  found  t o  e x i s t  be tw een  N .e lo n g a tu s  and N . s c u t a t u s . A l th o u g h  
a g e n e r a l l y  l a r g e r  s p e c i e s , t h e  a r e a  o f  t h e  p e r i p r o c t  o f  N .e lo n g a tu s  
i s  c o n s i s t e n t l y  s m a l l e r  th a n  i n  N . l a t i p o r u s , a s  i s  t h e  s i z e  o f  t h e  
p e r i s to m e .  T h is  i s  an  i n t e r e s t i n g  f a c t o r  i n  t h e  l i g h t  o f  e v id e n c e  
advanced  f o r  a  g r a i n  i n j e s t i n g  h a b i t  f o r  N . s c u t a t u s  and p r o b a b ly ,  
t h e r e f o r e , f o r  N . l a t i p o r u s  as  w e l l .  I t  may t h e r e f o r e  be p o s s i b l e  t o  
i n f e r  t h a t  w i t h i n  t h e  b i o m i c i i t i c  s e d im e n ts  o f  t h e  C o rn b rash  N . l a t i p o r u s  
i n h a b i t e d  a n i c h e  i n  w hich i t  i n j e s t e d  p r i m a r i l y  l a r g e r  b i o c l a s t i c  
f r a g m e n ts  w h i l s t  N .e lo n g a tu s  was r e s t r i c t e d , b e c a u s e  o f  t h e  s m a l l  s i z e  . 
o f  i t s  a l i m e n t a r y  c a n a l , t o  a  d i e t  o f  o r g a n i c  r i c h  c a r b o n a te  mud.
The two s p e c i e s  may h av e  i n h a b i t e d  d i f f e r e n t  b u t  a d j a c e n t  . 
m ic r o e n v i ro n m e n ts ,a n d  o n ly  t r a n s p o r t e d  t e s t s  be found  t o g e t h e r  . However, 
s y m p a t r i c  s p e c i e s  o f  e c h in o id s  a r e  known from  b o th  r e c e n t  (C h e s h e r ,1 9 6 8 )  
and f o s s i l  ( N i c h o l s , 1959) o c c u r r e n c e s .
N .am plus i s  d i s t i n g u i s h e d  from  N , s c u t a t u s  th ro u g h  v a r i a b l e s  
M and N l , t h e  p o s i t i o n s  o f  t h e  p e r i p r o c t  and a p i c a l  d i s c  on t h e  __ 
a b o r a l  s u r f a c e  o f  t h e  t e s t .  I n  N .am plus t h e  a p i c a l  d i s c  o c c u p ie s  
a c e n t r a l  p o s i t i o n  and i s  a l s o  i n  c l o s e  c o n t a c t  w i t h  t h e  p e r i p r o c t .
I n  N , s c u t a t u s  t h e  a p i c a l  d i s c  i s  i n  a  s l i g h t l y  a n t e r i o r  p o s i t i o n  
and w e l l  s e p a r a t e d  from  th e  p e r i p r o c t ,  N .am plus i s  g e n e r a l l y  b r o a d e r  
th a n  lo n g  w h i l s t  th e  r e v e r s e  i s  u s u a l l y  t h e  c a s e  i n  N . s c u t a t u s .
F i n a l l y , t h e  i n d e n t a t i o n  o f  t h e  p o s t e r i o r  b o r d e r  i s  d e e p e r  i n  N . s c u t a t u s , 
w h i l s t  re d u c e d  m a jo r  a x e s  i n v o lv i n g  m easu rem en ts  o f  t h e  p e r i p r o c t ,  
v a r i a b l e s  L and I , a r e  a l s o  c o n s i s t e n t l y  d i f f e r e n t  be tw een  t h e  two 
s p e c i e s .  The m orphology  o f  t h e  p e r i p r o c t  i s , t h e r e f o r e , v e r y  d i f f e r e n t
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a l th o u g h  th e  a r e a  o f  th e  p e r i p r o c t a l  o p e n in g  i s  s i m i l a r .  W ith in  
N .am plus th e  v e r t i c a l  d im e n s io n  o f  t h e  p e r i p r o c t a l  o p e n in g  i s  l a r g e ,  
w h i l s t  i t s  h o r i z o n t a l  l e n g t h  a lo n g  th e  a b o r a l  s u r f a c e  i s  s m a l l .  W i th in  
N . s c u t a t u s  t h e  o pen ing  i s  g e n e r a l l y  a s  h ig h  a s  i t  i s  l o n g .  S i m i l a r i t y  
i n  t h e  a r e a  o f  t h e  p e r i p r o c t a l  o p e n in g  be tw een  th e  two s p e c i e s  i s  
m atched  by a s i m i l a r i t y  i n  g r a i n  s i z e  o f  t h e  e n c lo s i n g  s e d im e n t .
Due t o  t h e  poor p r e s e r v a t i o n  o f  t h e  ty p e  m a t e r i a l  o f  
N .b u rg u n d ia e  o n ly  a  few p r e l i m i n a r y  c o n c lu s i o n s  can  be made on 
d i f f e r e n c e s  w i t h  t h e  ty p e  s p e c i e s ,  N .b u rg u n d ia e  c a n  be d i s t i n g u i s h e d  
from  N . s c u t a t u s  s o l e l y  on th e  d i s t a n c e  be tw een  th e  a p i c a l  d i s c  and  
th e  p e r i p r o c t , t h i s  d i s t a n c e  b e in g  a b o u t  30% o f  t h e  t o t a l  l e n g t h  i n  
t h e  fo rm e r  s p e c i e s  and a b o u t  20% i n  t h e  l a t t e r .  The a p i c a l  d i s c  
i s  i n  a  s i m i l a r  p o s i t i o n  bn b o th  s p e c i e s , b e i n g  s l i g h t l y  a n t e r i o r  t o  
c e n t r e .  T h e r e f o r e , t h e  c o m b in a t io n  o f  t h i s  f e a t u r e  and th e  d i s t a n c e  
be tw een  t h e  a p i c a l  d i s c  and t h e  p e r i p r o c t  r e s u l t s  i n  t h e  a n a l  s u l c u s  
b e in g  s h o r t e r  i n  N .b u rg u n d ia e  th a n  i n  N . s c u t a t u s . The i n d e n t a t i o n  
a t  t h e  p o s t e r i o r  b o r d e r  i s  a l s o  much s m a l l e r  i n  N .b u r g u n d ia e .
F ig u re  7 ,1 3  shows a n  a r ra n g e m e n t  o f  sam p les  r e p r e s e n t i n g  a l l  
t h e s e  s i x  s p e c i e s  ( N . s c u t a t u s , N . l a t i p o r u s , N .a m p lu s , N .w oodw ard ii ,
N ,e l o n g a t u s , N .b u rg u n d ia e ) , One v e c to r ,c o m p o s e d  o f  N1 and a  s m a l l  
component o f  M i n  i n v e r s e  p r o p o r t i o n s , t r e n d s  from  t h e  to p  l e f t  o f  
th e  g ra p h  to  t h e  bo ttom  r i g h t .  A second  v e c t o r , a l o n g  t h e  Y a x i s ,  
can  a l s o  be i d e n t i f i e d .  T h is  i s  composed o f  N2 and a  s m a l l  component 
o f  B i n  an  i n v e r s e  r e l a t i o n s h i p .
N .m ic ra u lu s  can  be d i s t i n g u i s h e d  from  N , s c u t a t u s  th ro u g h  
v a r i a b l e s  L,N1 and  B. N .m ic ra u lu s  i s  more e lo n g a t e  i n  o u t l i n e  and 
th e  p e r i p r o c t  i s  s m a l l e r  and l i e s  i n  a  more p o s t e r i o r  p o s i t i o n  t h a n  
i n  N . s c u t a t u s . I n  t h e  fo rm e r  s p e c i e s  t h e  o v e r a l l  a r e a  o f  t h e  p e r i p r o c t  
i s  s m a l l , i t s  l e n g t h  on t h e  a b o r a l  s u r f a c e  b e in g  p a r t i c u l a r l y  s h o r t .
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A g a i n , t h e r e  may be a c o r r e l a t i o n  be tw een  g r a i n  s i z e  and p e r i p r o c t  
s i z e  a s  t h e  s e d im e n t  a t  V i l l e r s  i s  s l i g h t l y  f i n e r  g r a in e d  th a n  a t  
T r o u v i l l e .
P r i n c i p a l  component a n a l y s i s  r e v e a l s  t h a t  c o m p le te  s e p a r a t i o n  
be tw een  t h e  two s p e c i e s  i s  a c h ie v e d  a lo n g  a v e c t o r  composed m a in ly  
o f  L , J  and an  i n v e r s e  p r o p o r t i o n  o f  N l. A g a i n , t h e  s i z e  and p o s i t i o n  
o f  t h e  p e r i p r o c t  i s  o f  p r im a ry  d i s c r i m i n a t i n g  im p o r ta n c e .  Reduced 
m a jo r  a x e s  i n v o lv i n g  v a r i a b l e s  L and Nl a r e  a l s o  v e r y  d i f f e r e n t  
be tw een  t h e  two s p e c i e s .
C a n o n ic a l  p l o t s  o f  N . s c u t a t u s , N .a m p lu s .a n d  N .e lo n g a tu s  p l a c e  
t h e  t h r e e  s p e c i e s  a lo n g  two o r th o g o n a l  v e c t o r s  t h a t  can  be i n t e r p r e t e d  
a s  r e p r e s e n t i n g , a g e  and e l o n g a t i o n  o f  sam p les  r e s p e c t i v e l y .  The age  
v e c t o r , r e p r e s e n t e d  m a in ly  by Nl and M ,is  d i s p l a c e d  a lo n g  th e  X a x i s ,  
and t h e  e l o n g a t i o n  v e c t o r , r e p r e s e n t e d  m a in ly  by B and N 4 , i s  d i s p l a c e d  
a lo n g  t h e  Y a x i s .  S u p p o r t in g  e v id e n c e  f o r  t h e  c o m p o s i t io n  o f  such  
v e c t o r s  i s  p ro v id e d  by N .m i c r a u lu s , I t  c a n  be p r e d i c t e d  t h a t  a s  
N .m ic ra u lu s  i s  an  e lo n g a t e  s p e c i e s  o f  a  s i m i l a r  age  t o  N . s c u t a t u s , 
sp ec im en s  sh o u ld  p l o t  i n  a  p o s i t i o n  be tw een  N . s c u t a t u s  and N .e lo n g a tu s  
a t  t h e  e x t r e m i t i e s  o f  t h e  two v e c t o r s .  F i g , 7 ,2 0  shows t h a t  t h i s  i s  
t h e  c a s e .  The two v e c t o r s  a r e  a lm o s t  o r t h o g o n a l ,  i n d i c a t i n g  t h a t  
e l o n g a t i o n  o f  s p e c i e s  o c c u r s  in d e p e n d e n t  o f  a g e .  F u r th e rm o re  t h e  
age  component i s  now more c l o s e l y  c o r r e l a t e d  w i th  J  and M,and 
t h i s  v e c t o r  b i s e c t s  two o t h e r , a l m o s t  o r t h o g o n a l , v e c t o r s .  The f i r s t  
i s  composed o f  I ,C ,a n d  a n  i n v e r s e  p r o p o r t i o n  o f  Nl o r i e n t a t e d  
a lo n g  t h e  X a x i s .  The second  i s  composed o f  L a lo n g  t h e  Y a x i s .
T h is  i l l u s t r a t e s  t h a t  Nl ( t h e  d i s t a n c e  betw een p e r i p r o c t  
and a p i c a l  d i s c )  does n o t  i n c r e a s e  c o n s i s t e n t l y  w i th  d e c r e a s in g  
s t a t i g r a p h i c  a g e , a l t h o u g h  t h e r e  i s  a n  o v e r a l l  t e n d e n c y  f o r  i t  t o  
i n c r e a s e  and  L ( t h e  l e n g t h  o f  th e  p e r i p r o c t ) t o  d e c r e a s e  up  th e
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s t r a t i g r a p h i e  column. The o n ly  f e a t u r e  w hich  c o n s i s t e n t l y  d e c r e a s e s  
up t h e  s t r a t i g r a p h i e  column i s  J , t h e  l e n g t h  o f  t h e  a n a l  s u l c u s .
/
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CHAPTER 8 -  BIOMETRICS OF SOME CRETACEOUS NI1CLE0LITIDS
8 A) I n t r o d u c t i o n
Lam bert & T h ié ry  (1921 )  l i s t  31 s p e c i e s  o f  N u c le o l i  t é s  from 
th e  C r e ta c e o u s ,  The genus became e x t i n c t  d u r in g  t h i s  p e r i o d ,  
a l th o u g h  i t s  d e s c e n d a n t s  f l o u r i s h e d  i n  th e  C a in o z o ic ,
Of t h e  C r e ta c e o u s  s p e c i e s ,m o s t  o c c u r  o u t s i d e  N.W.Europe.
P e rh ap s  o n ly  12 a r e  E u ropean . Most w ere  d e f in e d  d u r in g  th e  1 9 th  c e n t u r y ,  
and w ere  o b t a in e d  from l o c a l i t i e s  n o t  p r e c i s e l y  r e c o r d e d  o r  from  
l o c a l i t i e s  w here  good ro c k  e x p o s u re s  no l o n g e r  e x i s t .  None have been  
r e c o r d e d  from  B r i t a i n .  Numerous l o c a l i t i e s  i n  F ra n ce  and S w i t z e r l a n d  
were examined by t h e  a u th o r  b u t  o n ly  one y i e l d e d  N u c l e o l i t e s , o f  th e  
s i n g l e  s p e c i e s  N .s u b q u a d r a t u s .
A c c o rd in g  to  K ie r  (1 9 6 2 ,1 9 6 6 )  th e  l a s t  known s p e c i e s  o f  
N u c l e o l i t e s  i s  N .ro tu n d u s  from  th e  Cenomanian o f  N orth  A f r i c a ,  An 
a n a l y s i s  i s  i n c lu d e d  h e r e  o f  a museum c o l l e c t i o n  o f  t h i s  s p e c i e s  
b e c au se  o f  i t s  p h y l o g e n e t i c  s i g n i f i c a n c e .
F i g . 8 ,1  i s  a summary o f  a n a ly s e s  c a r r i e d  o u t  i n  t h i s  c h a p t e r .
8 B) NUCLEOLITES SUBQUADRATUS
1 . I n t r o d u c t i o n
T h is  lo w e r  C r e ta c e o u s  s p e c i e s  i s  c h a r a c t e r i s e d  by specim ens  
w i th  a  l a r g e  low p e r i p r o c t ;  l a r g e , s o m e t i m e s  o b l iq u e  p e r i s to m e ;  and 
a n t e r i o r  a p i c a l  sy s te m . I t  i s  r e p r e s e n t e d  by a sam ple  o f  25 specim ens  
from th e  Neocomian o f  D e v e c e y ,D o u b s ,F ra n c e .  The spec im ens  a r e  from 
a h a r d ,w h i t e  b i o c l a s t i c  l im e s t o n e  from  w hich i t  i s  d i f f i c u l t  to  
e x t r a c t  spec im ens  w i t h o u t  c a u s in g  damage to  them. For t h i s  r e a s o n  
a l l  m easu rem en ts  c o u ld  be t a k e n  on o n ly  14 s p e c im en s .
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A c a s t , i n  th e  B r i t i s h  Museum ( N a tu r a l  H i s t o r y )  o f  th e  A g a s s iz  
ty p e  spec im en  was a l s o  u sed  i n  th e  a n a l y s i s ,
2 . A n a ly s i s  o f  th e  Devecey sam ple
The sam ple  c o n ta i n s  one specimen,BA 2 5 ,w hich  i s  w e l l  rounded  
and h a s  a s h o r t e r  s u lc u s  and s m a l l e r  p e r i p r o c t  th a n  t y p i c a l  
N .s u b q u a d ra tu s  s p e c im e n s .  M o re o v e r , th e  sm oo th ly  i n f l a t e d  a d o r a i  
s u r f a c e  i s  i n  s h a r p  c o n t r a s t  t o  th e  A g a s s iz  o r i g i n a l  d e s c r i p t i o n ,  
i n  w hich  he  s p e c i f i c a l l y  comments on th e  s h a rp y  a n g le d  p o s t e r i o r  
s u r f a c e .
A p r i n c i p a l  component a n a l y s i s  o f  th e  sam ple  r e v e a le d  t h a t  
specim en  BA 25 was w e l l  s e p a r a t e d  from  th e  o t h e r  Devecey specim ens 
a lo n g  th e  a x i s  o f  t h e  t h i r d  c o m p o n e n t , th i s  v e c t o r  b e in g  composed o f  
I , J , L  and a n  i n v e r s e  p r o p o r t i o n  o f  N 4 , a l l  v a r i a b l e s  c o n cern ed  w i th  
th e  s i z e  and p o s i t i o n  o f  t h e  p e r i p r o c t .  The spec im en  h a s  a  sm a l l  
p e r i p r o c t  ( I , L )  and s h o r t  s u l c u s  ( J )  b u t  t h e  p e r i p r o c t  l i e s  some 
d i s t a n c e  from th e  a d o r a i  s u r f a c e  (N 4 ) , e x p l a i n i n g  th e  i n v e r s e  v a lu e  
of N4 i n  t h i s  v e c t o r ,  Tne spec im en  was t h e r e f o r e  e l i m i n a t e d  from 
f u r t h e r  a n a l y s e s  i n v o lv i n g  t h i s  sa m p le .  On g e n e r a l  m orphology , 
specim en  BA 25 can  be a s c r i b e d  t o  th e  genus P h y l l o b r i s s u s ,
3, Com parison  be tw een  t h e  Devecey and T r o u v i l l e  sam ples 
The r e s u l t s  o f  a d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  betw een th e
Devecey and T r o u v i l l e  sam p les  showed a s h a r p  d i s t i n c t i o n  a t  a b o u t  
the same d e g re e  o f  d i f f e r e n c e  a s  be tw een  th e  T r o u v i l l e  and V i l l e r s  
sam ples  ( p , 2 3 2  ) ,
S te p  3
V a r i a b l e s  N4,N1 and J  e n te r e d
F m a t r i x  i n d i c a t e d  t h a t  b o th  g ro u p  means became h i g h ly  s i g n i f i c a n t l y
d i f f e r e n t  (P  < 1%) from  each  o t h e r  ^
Specim ens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
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Step 13 ( f i n a l )
V a r ia b le s  not e n ter e d ;  C and G
U - s t a t i s t i c  = .15  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  m eans; P < .1%) 
Specim ens c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e i r  own g ro u p  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  100%
Specim ens w i th  a low p r o b a b i l i t y  (P < .1%) of b e lo n g in g  t o  t h e  
wrong g ro u p  ( u s i n g  ) (  ^  t e s t s  o f  D ^);  100%
V a r i a b l e  N4 had n o t  p r e v i o u s l y  been  e n c o u n te re d  a s  a  p r im a ry  
d i s c r i m i n a t i n g  v a r i a b l e ,
A c l e a r  d i s t i n c t i o n  be tw een  th e  two sam ples  was a l s o  made 
by r e f e r e n c e  t o  t h e  f i r s t  two v e c t o r s  o f  a p r i n c i p a l  component 
a n a l y s i s .  The f i r s t  component was t h e  u s u a l  s i z e / s h a p e  v e c t o r  
c o n t i b u t i n g  66% o f  v a r i a b i l i t y  b u t  e x c lu d in g  I  and J , v a r i a b l e s  t h a t  
u s u a l l y  c o n t r i b u t e  t o  t h i s  e le m e n t .  The sa m p le s ,h o w e v e r ,  were d i s t i n g u i s h e d  
a long  t h e  second  v e c t o r , c o n t r i b u t i n g  a f u r t h e r  15% and b e in g  composed o f  
I,N1 and an  i n v e r s e  p r o p o r t i o n  o f  N4,The two v e c t o r s  th u s  p l o t  g row th  
p o s i t i o n s  o f  spec im ens  from  i n c r e a s e s  i n  I  and Nl and d e c r e a s e s  i n  N4 
a g a i n s t  spec im en  s i z e ,T h e  second  v e c t o r  t a b u l a t e s  g r e a t e r  s c o re s  f o r  th e  
Devecey sam ple  th a n  f o r  t h e  T r o u v i l l e  sam ple  f o r  a  g iv e n  specim en  s i z e ,  
( f i g . 8 ,2  ). D u r in g  g row th  w i t h i n  t h e  Devecey sam ple  th e  p e r i p r o c t  
i n c r e a s e s  i n  s i z e  b u t  i n  so  d o in g  becomes f u r t h e r  removed from  th e  
a p i c a l  sy s tem  and lo w e r  i n  p o s i t i o n .  The T r o u v i l l e  spec im ens  i n  
c o n t r a s t  show o n ly  l i m i t e d  changes  i n  t h e  r e l a t i v e  m ag n i tu d e  o f  t h e s e  
t h r e e  v a r i a b l e s  w i th  i n c r e a s e d  s i z e .  Most T r o u v i l l e  specim ens  ,
t h e r e f o r e  l i e  i n  a l i n e  p a r a l l e l  t o  t h e  a x i s  o f  t h e  f i r s t  component.
The a n a l y s i s  do es  sh o w ,h o w ev e r ,a n  i n c r e a s i n g  s i m i l a r i t y  o f  form  
betw een th e  s m a l l e r  spec im ens  o f  t h e  two s a m p le s .  F i g , 8,3 t a b u l a t e s  
e ig e n v a lu e s  and d i r e c t i o n  c o s in e s  f o r  t h e  f i r s t  f o u r  p r i n c i p a l  com ponents , 
A h i e r a r c h i a l  g ro u p in g  was a b l e  t o  c l u s t e r  spec im ens  i n t o
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PRINCIPAL COMPONENT ANALYSIS
Trouvill'e - and Devecey samples 
14 variables^ 32 cases.
Eigenvalues
9 . 1 9
Cumulative proport
2 . 1 9
ions of total
1 . 0 1
variance
. 8 6
66%
Eigenvectors
. 81% 88% 95^
• 1 2 3 4
A . . 3 1 - . 1 7 . 1 7 . 10
B . 3 2 . 0 9 . 02 - . 0 0
C. . 3 1 . 0 8 - . 1 7 - . 2 0
D . 3 1 . 0 8 - . 1 9 - . 2 2
E . 3 2 —. 03 — • 02 — . 0 5
G . 3 0 - . 2 0 • 15  . . 1 5
H • . 2 8 — . 1 4 . 3 0 . 11
I . 1 9 — • 45 —. 34 - . 0 7
J . 2 0 . 1 7  ■ . 2 5 . 71
L . 1 7 . 1 5 - . 7 3 . 3 2
M . 3 1 . 10 . 0 6 . 0 5
Nl . 1 4 —. 58 . 0 6 - . 1 8
N2 . 22 . 3 2 . 2 6 —. 44
N4 . 2 4 . 4 2 —. 03 — . 1 8
Figure 8,3. Eigenvalues and direction cosines of the 
first four eigenvectors•for the Trouville and Devecey 
samples. The first two eigenvectors are plotted in 
fig.8,2.
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t h e  two sam ples  w i t h  no o v e r l a p  o r  w rong ly  g rouped  sp e c im e n s ,
B i v a r i a t e  a n l y s e s  o f  t h e  two samples  r e v e a l e d  a  d e g r e e  o f  
d i f f e r e n c e  a t  a b o u t  t h e  same l e v e l  a s  be tween  t h o s e  o f  T r o u v i l l e  
( O x f o r d i a n )  and S i g n y ( B a t h o n i a n )  b u t  l e s s  t h a n  be tween  T r o u v i l l e  
and V i l l e r s  ( O x f o r d i a n ) ,  A c o m p a r i s o n  o f  r e d u c e d  m a jo r  axes  f o r  A 
w i t h  a l l  o t h e r  v a r i a b l e s  showed t h r e e  s l o p e s , A  w i t h  I , L  and N2, 
to  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) and a f u r t h e r  t h r e e ,
A w i t h  B,E and N 3 , t o  be p r o b a b l y  s i g n i f i c a t n l y  d i f f e r e n t  (1% < P < 5%),
Both d i s c r i m i n a n t  f u n c t i o n s  and p r i n c i p a l  components  a n a l y s i s  
picked  o u t  N4 a s  an  i m p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e .  T h i s  was 
bo rne  o u t  i n  b i v a r i a t e  a n a l y s e s  ( F i g . 8 ,4 ) .  V a r i a b l e  L was n o t  i s o l a t e d  
as  an  i m p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e  and c o n s e q u e n t l y  f e w e r  s l o p e s  
were  shown t o  be d i f f e r e n t  i n  c o m pa r i son  w i t h  some e a r l i e r  a n a l y s e s ,  
e . g .  T r o u v i l l e  and S ig n y  ( p . 206) and T r o u v i l l e  and V i l l e r s  ( p . 238) .  
H o w e v er , t h e  o t h e r  m easu re  o f  t h e  s i z e  o f  t h e  p e r i p r o c t , ! , was i s o l a t e d  
as  a n  i m p o r t a n t  d i s c r i m i n a t i n g  c h a r a c t e r  by p r i n c i p a l  component  
a n a l y s i s .  B i v a r i a t e  a n a l y s e s  s u p p o r t e d  t h i s  f i n d i n g  ( F i g . 8 , 4 ) ,
4 .  Compari son  be tw een  t h e  Devecey and V i l l e r s  s a m p l e s .
P r e v i o u s  a n a y s e s  showed t h a t  t h e  d e g r e e  o f  d i f f e r e n c e  be tween  
t h e  Devecey and T r o u v i l l e , a n d  V i l l e r s  and T r o u v i l l e  samples  was a t  
a b o u t  t h e  same l e v e l .  The Devecey sample  was t h e r e f o r e  compared 
t o  t h a t  o f  V i l l e r s  t o  s e e  i f  i t  was s i m i l a r l y  d i f f e r e n t  o r  a l t e r n a t i v e l y  
a n o t h e r  q u i t e  d i s t i n c t  g r o u p .
The r e s u l t s  o f  a d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  a r e ; -
S t e p  3
V a r i a b l e s  L,D and J  e n t e r e d
U - s t a t i s t i c  = .17  ( S i g n i f i c a n c e  o f  t h e  i n e q u a l i t y  o f  g ro u p  means;
P < 1%)
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a ) Variable A with all other variables.
A. 3
B. 3
C. 8
D. 0
B) Variable L'with all other variables.
A. 5
B. 5
C. 4
D. 0
C) Variable I with all other variables, 
A.
D) Variable N4 with all other variables 
A.
Figure 8,4* Comparison of reduced major axes between 
the Trouville and Devecey samples.
Key as for fig.5^10*
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Specimens classified wrongly by posterior probability; 0%
Measurements  o f  t h e  h e i g h t , e i t h e r  C o r  D,had n o t  p r e v i o u s l y  
found  t o  be o f  v a l u e  i n  d i s c r i m i n a t i n g  be tween  g r o u p s .  The r e l a t i o n s h i p  
be tw een  t h e s e  two s am p les  i s  t h e r e f o r e  u n l i k e  t h e i r  r e l a t i o n s h i p  
t o  t h e  T r o u v i l l e  s a m p le ,  '■
A h i e r a r c h i c a l  a n a l y s i s  a l s o  showed t h e  sam ples  t o  be q u i t e  
d i s t i n c t , e v e r y  spec im en  c l u s t e r e d  i n t o  i t s  o r i g i n a l  sample a t  t h e  
s t a g e  o f  f o r m a t i o n  o f  two g r o u p s ,
A c o m p a r i s o n  o f  r e d u c e d  m a jo r  axe s  be tw een  t h e  V i l l e r s  and 
Devecey sam ples  r e v e a l e d  a d e g r e e  o f  d i f f e r e n c e  s i m i l a r  t o  t h a t  
found  be tw een  T r o u v i l l e  and Devecey .  For  A and a l l  o t h e r  v a r i a b l e s  
o n ly  two s l o p e s  were  a t  mos t  p r o b a b l y  s i g n i f i c a n t l y  d i f f e r e n t  i n  
a n g l e , (1% < P < 5%)and two s l o p e s  n o t  even  s i g n i f i c a n t l y  d i f f e r e n t  
i n  a n g l e  o r  s e p a r a t i o n  (P > 5%). A l th o u g h  t h i s  i n d i c a t e d  a  c l o s e  
s i m i l a r i t y  be tw een  t h e  two g r o u p s , r e d u c e d  m a j o r  a x e s  f o r  t h e  main 
d i s c r i m i n a t i n g  v a r i a b l e s  ( e . g .  I , J , L , N 1  and N4) showed a d e g r e e  o f  
d i f f e r e n c e  s i m i l a r  t o  t h e  r e s u l t s  p roduced  i n  t h e  Devecey -  T r o u v i l l e  
c o m p a r i s o n .
5.  Compari son  be tw een  D e v e c e y , T r o u v i l l e  and V i l l e r s  samples  
The D e v e c e y , V i l l e r s  and T r o u v i l l e  samples  were  n e x t  g rouped  
i n  a s i n g l e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .  Us ing  t h e  f u l l  15 v a r i a b l e s  
and t h e  T r o u v i l l e  sample  o f  19 spec im ens  t h e  a n a l y s i s  p roduced r e s u l t s  
t h a t  were  s i m i l a r  t o , a n d  a c o m b i n a t i o n  o f , t h e  two p r e v i o u s  a n a l y s e s .
S t e p  1 
V a r i a b l e  L e n t e r e d
No o v e r l a p  i n  c l a s s i f i c a t i o n  be tw een  T r o u v i l l e  and V i l l e r s  samples  
S t e p  3
V a r i a b l e s N 4  and Nl e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  a l l  g roup  means became h i g h l y  s i g n i f i c a n t l y
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d i f f e r e n t  (P < 1%) from each  o t h e r .
T r o u v i l l e  spec im ens  c l a s s i f i e d  w rong ly  by p o s t e r i o r  p r o b a b i l i t y ; 0 %
S t e p  6
V a r i a b l e  C , J  and B added (C i s  e q u i v a l e n t  t o  D i n  t h e  p r e v i o u s  a n a l y s i s )  
Specimens c l a s s i f i e d  w rong ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  14 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  A,D and M
Specimens c l a s s i f i e d  as  100% r e p r e s e n t a t i v e  o f  t h e i r  own g roup  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  100%
The F m a t r i x  and g roup  p r o b a b i l i t y  t a b l e  i n d i c a t e d , d u r i n g  t h e  
s t e p w i s e  p r o c e d u r e , t h a t  t h e  V i l l e r s  and Devecey samples  l a y  c l o s e r  
t o g e t h e r  t h a n  t o  t h e  T r o u v i l l e  s am p le .  T h i s  i s  h i g h l i g h t e d  i n  a  p l o t  
o f  t h e  f i r s t  two c a n o n i c a l  v a r i â t e s  ( f i g . 8 , 5 ) .
A p r i n c i p a l  component  a n a l y s i s  o f  t h e  t h r e e  g roups  s e l e c t e d  
v a r i a b l e s  c o n c e rn e d  w i t h  t h e  h o r i z o n t a l  s i z e  and p o s i t i o n  o f  t h e  
p e r i p r o c t  ( L , J  and i n v e r s e l y  Nl )  a s  t h e  second  v e c t o r  and v a r i a b l e s  o f  
. t h e  v e r t i c a l  s i z e  and p o s i t i o n  o f  t h e  p e r i p r o c t  ( I  and i n v e r s e l y  N4) 
a s  t h e  t h i r d  v e c t o r .  These  two components  c o n t r i b u t e d  18% and 10% 
o f  t o t a l  v a r i a b i l i t y  r e s p e c t i v e l y  w h i l s t  t h e  i m p o r t a n t  s i z e / s h a p e  
component  a c c o u n t e d  f o r  a  f u r t h e r  60%.
The t h r e e  sam ples  were  s e p a r a t e d  from each  o t h e r  a lo n g  t h e  
v e c t o r  o f  t h e  s econd  c o m p o n e n t , T r o u v i l l e  spec im ens  h a v i n g  on a v e r a g e  l a r g e  
v a l u e s  o f  J  and L t o  s m a l l  v a l u e s  o f  N l ,w h e r e a s  V i l l e r s  specimens  
were d i s t i n g u i s h e d  by s h o r t  J  and L t o  l a r g e  N l . As n o ted  p r e v i o u s l y , ! ,  
and NL must  v a r y  i n  i n v e r s e  p r o p o r t i o n s  g i v e n  a s t a b l e  v a l u e  f o r  
v a r i a b l e  M , the  p o s i t i o n  o f  t h e  a p i c a l  d i s c .  The Devecey spec imens  
l a y  i n  an  i n t e r m e d i a t e  p o s i t i o n  be tw een  t h e  two ex tr em e  c a s e s  
a lo n g  t h i s  v e c t o r .  Component t h r e e , o n  t h e  o t h e r  h a n d , t e n d e d n t o  i s o l a t e  
t h e  Devecey sample  from a n  a d m i x tu r e  o f  V i l l e r s  and T r o u v i l l e
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s p e c i m e n s .  Th i s  component  c h a r a c t e r i s e s  t y p i c a l  Devecey sp e c im en s ,  
which  have  a l a r g e  b u t  low p e r i p r o c t .  A p l o t  o f  t h e  second and 
t h i r d  c om pone n t s , which  e l i m i n a t e s  any o v e r a l l  s i z e  v a r i a t i o n  between  
t h e  sam ples  shows how c l e a r l y  t h e  g roups  a r e  d i s t i n g u i s h e d  ( F i g . 8 , 6 ) ,  
F i g . 8 ,7  t a b u l a t e s  e i g e n v a l u e s  and d i r e c t i o n  c o s i n e s  f o r  t h e  f i r s t  
f o u r  p r i n c i p a l  componen ts ,
6. Comparison be tween  D e v e c y , V i l l e r s , T r o u v i l l e  and S igny
The f o u r  s am ples  f rom S i g n y , T r o u v i l l e , V i l l e r s  and Devecey 
were t e s t e d  one t o  t h e  o t h e r  f o r  i n t e r s p e c i f i c  v a r i a t i o n  by 
h i e r a r c h i c a l  g r o u p i n g .  P r e v i o u s l y  i t  was s e e n  t h a t  t h e  S igny  and 
T r o u v i l l e  spec im ens  c o u ld  be grouped  b e f o r e  a d d i t i o n  o f  t h e  V i l l e r s  
spec im ens  ( p . 245) i n d i c a t i n g  a c l o s e r  l i n k  be tween  t h e  fo rm e r  p a i r  
o f  s a m p l e s .
D ur ing  c l u s t e r i n g  t h e  Devecey sample showed t h e  same d e g r e e
of  hom ogene i ty  e x h i b i t e d  by t h e  t h r e e  o t h e r  s a m p le s .  At  t h e  s t a g e
o f  f o r m a t i o n  o f  e i g h t  g roups  t h e  spec im ens  i n  each sample were  s p l i t
be tw een  two g r o u p s .  P a i r s  o f  g roups  were  t h e n  combined u n t i l , a t  t h e
s t a g e  o f  f o r m a t i o n  o f  f o u r  g r o u p s , a l l  spec im ens  were c l u s t e r e d  i n t o
t h e i r  o r i g i n a l  s a m p l e s .  From t h i s  s t a g e  o b v i o u s l y  o n l y  samples
t h e m s e lv e s  can  be c o m b i n e d , e a r l i e s t  c o m b i n a t i o n s  i n d i c a t i n g  c l o s e r -
s i m i l a r i t y .  I t  i s  s e e n  t h a t  V i l l e r s  and Devecey a r e  j o i n e d  a t  t h e
s t a g e  o f  f o r m a t i o n  o f  t h r e e  g r oups  w h i l s t  S ig n y  and T r o u v i l l e  a r e
n o t  j o i n e d  u n t i l  t h e  p e n u l t i m a t e  s t a g e , i n d i c a t i n g  a c l o s e r  r e s e m b la n c e
i n  m orpho logy  be tw een  t h e  f o r m e r  p a i r  o f  samples  ( f i g . 8 , 8 ) .
«
With t h e  i n t r o d u c t i o n  o f  S ig n y  t h e  v e c t o r s  o f  a  p r i n c i p a l
component  a n a l y s i s  to o k  on a  d i f f e r e n t  c o m p o s i t i o n  t o  t h e  e a r l i e r
a n a l y s i s .  The p r i n c i p a l  component ,now 65% o f  t h e  v a r i a b i l i t y ,
i n c l u d e d  v a r i a b l e  J  a g a i n , w h i l s t  t h e  second  component was composed 
a l m o s t ' e n t i r e l y  o f  Nl and c o n t r i b u t e d  a  f u r t h e r  12%, A p l o t  o f  t h e s e
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FRJNCTPAL COMPONF.NT ANALYSIS
Trouville, Villers and Devecey samples. 
14 variables, 56 cases.
Eigenvalues
Cumulative
8.36 2.61
proportions of total
1.33
variance
.61
60 %
Eigenvectors
78^ 88^ 92^
1 2 3 4
A “ •33 - . 08 “ •14 -.21
B “ • 34 .04 • 05 -. 06
C — •32 .01 .16 • 34
D - •32 -.00 • 17 • 36
E “ •33 .00 — .04 -.00
G “ •33 *-•11 “ .17 -.20
H - . 2 9 — .03 -. 18 “ •39
I “ •19 • 09 — . 63 • 43
J -•05 • 53 -.21 - . 38
L -.01 • 56 -.22 • 32
M — •32 — , 01 . 10 — .19
Nl - . 18 — • 49 -. 18 . 10
N2 “ •17 . • 34 . 26 — .12
N4 - •25 • 14 .52 • 17
Figure 8,7» Eigenvalues and direction cosines of the 
first four eigenvectors for the Trouville, 
Villers and Devecey samples. The second and 
third eigenvectors are plotted in fig,8,6,
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two components  showed two growth  l i n e s , f o r m e d  r e s p e c t i v e l y  by t h e  
S igny  -  T r o u v i l l e  and V i l l e r s  -  Devecey s pec im ens  and h i g h l i g h t e d  
t h e  r e l a t i o n s h i p s  r e v e a l e d  i n  t h e  h i e r a r c h i c a l  c l u s t e r i n g .  The g raph  
showed a s i m i l a r i t y  i n  growth  w i t h i n  t h e  two g r o u p i n g s , t h e  v a l u e  
o f  Nl i n c r e a s i n g  much more r a p i d l y  w i t h  s i z e  i n  t h e  V i l l e r s  -  Devecey 
s a m p le s .
T h u s , b o t h  h i e r a r c h i c a l  c l u s t e r i n g  and p r i n c i p a l  components  
a n a l y s i s  i n d i c a t e  t h a t  t h e  two O x f o r d i a n  s p e c i e s  ( T r o u v i l l e  and 
V i l l e r s )  a r e .  v e r y  d i f f e r e n t  f rom each o t h e r , a n d  have  s e p a r a t e  
m o r p h o l o g i c a l  a f f i n i t i e s  w i t h  B a t h o n ia n  and Neocomian s p e c i e s  
r e s p e c t i v e l y .  Aga in  t h e  s m a l l e r  spec im ens  from w i t h i n  each  g r o u p in g  
were  mos t  s i m i l a r  t o  t h e  o t h e r  g r oup ,
7.  Com pari son  o f  Devecey and o t h e r  n u c l e o l i t i d  samples  
The f i n a l  m u l t i v a r i a t e  a n a l y s i s  i s  t h e  d i s c r i m i n a n t  f u n c t i o n  
a n a l y s i s  o f  s e n i o r  members o f  t h e  m a j o r  g r o u p i n g s  o f  e a r l i e r  a n a l y s i s ,  
i . e . S i g n y , t h e  N . e l o n g a t u s  g r o u p , T r o u v i l l e , V i l l e r s  and Devecey,
S t e p  3
V a r i a b l e s  J , L  and N4 e n t e r e d
F m a t r i x  i n d i a c t e d  t h a t  t h e  S i g n y  and V i l l e r s  samples  became h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) from a l l  o t h e r  g roup  means e x c e p t ,  
t h e  N . e l o n g a t u s  g r o u p ,
Devecey spec im ens  c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  6
V a r i a b l e s  N1,B and A added
A l l  g r o u p  means h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%)
Spec imens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  11 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  C,G and M
U - s t a t i s t i c  = ,0005 ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  means;
P <  ,1%),
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Spec imens  w i t h  a low p r o b a b i l i t y  (P < 5%) o f  b e lo n g i n g  t o  a  wrong 
g roup  ( u s i n g  ^   ^ t e s t s  o f  D^);  97%, Three  V i l l e r s  spec im ens  were  
n o t  a s i g n i f i c a n t  d i s t a n c e  (P > 5%) from t h e  Devecey g ro u p  mean. 
Spec imens c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e i r  own g roup  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  S i g n y , 100%; N . e l o n g a t u s  g r o u p , 100%; 
T r o u v i l l e , 100%; V i l l e r s  88%; D e v e c e y ,77%,
The F m a t r i x  and t h e  g roup  p r o b a b i l i t y  t a b l e  i n d i c a t e d  
t h a t  t h e  V i l l e r s  and t h e  Devecey samples  l a y  r e l a t i v e l y  c l o s e  t o  
each  o t h e r ,  .This c l o s e  p r o x i m i t y  i s  a l s o  s e e n  i n  a p l o t  o f  t h e  f i r s t  
two c a n o n i c a l  v a r i â t e s  ( f i g . 8 , 9 ) ,
8. C l a s s i f i c a t i o n  o f  A g a s s i z  t y p e  specimen  o f  N.SUBQUADRATUS
The f o l l o w i n g  sam ples  were  u s e d  t o  c l a s s i f y  t h e  c a s t  o f  
A g a s s i z  t y p e  spe c im en ;  N . e l o n g a t u s  g r o u p , t h e  T r o u v i l l e  sample o f  
N . s c u t a t u s , t h e  V i l l e r s  sample o f  N . m i c r a u l u s , t h e  Devecey sample o f  
N . s u b q u a d r a t u s  and t h e  Bou Saada sample  ( d e a l t  w i t h  i n  t h e  f o l l o w i n g  
s e c t i o n )  o f  N . r o t u n d u s . V a r i a b l e s  o f  t h e  h e i g h t  o f  t h e  a p i c a l  d i s c  
and o f  t h e  p e r i p r o c t  ( D , I , L , N 3  and N4) c o u ld  n o t  be measured on t h e  
c a s t  and were  t h e r e f o r e  o m i t t e d  from t h e  c l a s s i f i c a t o r y  p r o c e d u r e .  
The t y p e  spec im en  was c l a s s i f i e d  w i t h  t h e  Devecey sample  t h r o u g h o u t  
e v e r y  s t e p  o f  t h e  program and a t  t h e  c o m p l e t i o n  o f  t h e  a n a l y s i s  
had a p o s t e r i o r  p r o b a b i l i t y  o f  Devecey 99%,Bou Saada  1%, Every  
g roup  was h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) from e v e ry  o t h e r  
g ro u p  w i t h  v e r y  l i t t l e  o v e r l a p  be tween  g r o u p s ,  A X^ t e s t  o f  t h e  
M aha lanob is  d i s t a n c e  o f  t h e  c a s t  f rom each  g roup  mean showed a low 
p r o a b a b i l i t y  (P < 5%) o f  i t  b e lo n g i n g  t o  any  g ro u p  e x c e p t  t h e  
Devecey sample  (P > 20%), T h i s  e v id e n c e  s u g g e s t s  t h a t  t h e  Devecey 
sample  i s  c o r r e c t l y  named N . s u b q u a d r a t u s .
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p o  NUCLEOLITES ROTUNDUS
1 .  I n t r o d u c t i o n
T h i s  s a m p l e , f r o m  t h e  Cenomanian o f  Nor th  A f r i c a , r e p r e s e n t s  
a s p e c i e s  c o n s i d e r e d  by K i e r  (1962)  t o  be t h e  l a s t  N u c l e o l i  t e s .
The sample  i s  h o w e v e r , s m a l l , The t h r e e  spec im ens  used a r e  f rom t h e  
Lamber t  C o l l e c t i o n , P a r i s ,  Specimens CEI i s  t h a t  f i g u r e d  by K i e r  
( 1 9 6 2 , t e x t  f i g , 4 1 , p i , 7 , f i g . 7 ) .  T h i s , a n d  spec im ens  CE2 a r e  f rom t h e  
same box i n  t h e  C o l l e c t i o n , l a b e l l e d  Bou S a a d a , A l g e r i a .  Specimen CE3 
i s  f rom a s e p a r a t e  box b u t  s i m i l a r l y  l a b e l l e d .
The sample  i s  i n  good c o n d i t i o n .  The f u l l  f i f t e e n  measurem ents  
c o u ld  be t a k e n  on a l l  spec im ens  and t h e r e f o r e  some p r e l i m i n a r y  
a n a l y s e s  a r e  c a r r i e d  o u t  on t h e  g r o u p .  The sample  was compared 
f i r s t  w i t h  t h e  g e n o t y p e , a n d  s u b s e q u e n t l y  o t h e r  N u c l e o l i  t e s  s p e c i e s ,
2 ,  Comparison  be tw een  T r o u v i l l e  and Bou Saada
A d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was used  t o  d e m o n s t r a t e  a 
c l e a r  c u t  d i s t i n t i o n  be tw een  t h e  T r o u v i l l e  and Bou Saada s a m p le s .
S t e p  2
V a r i a b l e s  Nl and D e n t e r e d
Spec imens c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  4 
V a r i a b l e s  H and B added
F m a t r i x  i n d i c a t e d  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P < 1%) be tween  
g ro u p  means.
S t e p  11 ( f i n a l )
F i n a l  v a r i a b l e  t o  be e n t e r e d ;  L 
V a r i a b l e s  n o t  e n t e r e d ;  A ,C , J  and N3
U - s t a t i s t i c  = . 0 8  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  means;
P < .1%)
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Specimens  w i t h  a low p r o b a b i l i t y  (P < ,01%) o f  b e l o n g i n g  t o  t h e  
o p p o s in g  g ro u p  ( u s i n g  ) { ^  t e s t s  o f  D^);  100%
V a r i a b l e s  such a s  L and J , p r e v i o u s l y  found  t o  be i m p o r t a n t ,  
were o f  l i t t l e  o r  no v a l u e  i n  d i s t i n g u i s h i n g  be tween  g r o u p s  i n  t h i s  
a n a l y s i s .
3. Comparison  between  C r e t a c e o u s  and Upper  J u r a s s i c  
n u c l e o l i t i d  samples  
The a n a l y s i s  was e x te nde d  t o  i n c l u d e  t h e  o t h e r  Upper  J u r a s s i c  
and Lower C r e t a c e o u s  s a m p l e s .
D i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was c a r r i e d  o u t  be tw een  t h e  
T r o u v i l l e , V i l l e r s , D e v e c e y  and Bou Saada  sam ples  produced  s i m i l a r  
p r im a r y  d i s c r i m i n a t i n g  v a r i a b l e s  t o  e a r l i e r  a n a l y s e s .  Due t o  t h e  
s i m i l a r i t y  o f  fo rm be tw een  t h e  l a t t e r  t h r e e  s a m p l e s , e i g h t  v a r i a b l e s  
were  needed  i n  o r d e r  t o  d i s c r i m i n a t e  f u l l y  be tw een  t h e  f o u r  g r o u p s .  
S t e p  3
V a r i a b l e s  L,N1 and D e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  t h e  T r o u v i l l e  samples  became a t  l e a s t  
p r o b a b l y  s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) from a l l  o t h e r  g roup  
means,
T r o u v i l l e  and V i l l e r s  spec im ens  c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  
p r o b a b i l i t y ;  0%
S t e p  4 
V a r i a b l e  I  e n t e r e d
V i l l e r s  and Devecey g ro u p  means become h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  
(P < 1%)
Devecey s pe c im ens  c l a s s i f i e d  w r o n g ly ;  0%
S t e p  5 
V a r i a b l e  J  e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  a l l  g roup  means ( e x c e p t  be tween  Devecey and
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Bou Saada)  were  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%)
S t e p  7
V a r i a b l e s  B and G e n t e r e d
A l l  g r o u p  means became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%)
S t e p  8 
V a r i a b l e  E added
Specimens c l a s s i f i e d  wrong ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  12 ( f i n a l )
V a r i a b l e  n o t  e n t e r e d ;  A,C and M
U - s t a t i s t i c  = ,003  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  means;
P < .1%)
Spec imens  c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e i r  own group  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;98%, Specimen CE 2 from Bou Saada 
has  p r o b a b i l i t y  f i g u r e s  o f  Bou Saada 81%,V i l l e r s  19%,
Spec im ens  w i t h  a  low p r o b a b i l i t y  (P < 5%) o f  b e lo n g i n g  t o  a wrong 
g ro u p  ( u s i n g  ^  ^ t e s t s  o f  D^);  98%, Spec imen  CE 2 d i d  n o t  l i e  a 
s i g n i f i c a n t  d i s t a n c e  (P > 5%) from e i t h e r  t h e  Bou Saada o r  V i l l e r s  
g r o u p s ,
2
The p r o b a b i l i t y  t a b l e  and D i n d i c a t e d  t h a t  t h e  Bou Saada 
sample  l a y  m o r p h o l o g i c a l l y  c l o s e r  t o  V i l l e r s  t h a n  t h e  Devecey 
sample  ( s e e  a b o v e ) .  T h i s  i s  a l s o  i n d i c a t e d  i n  t h e F m a t r i x  and 
p o r t r a y e d  i n  t h e  c a n o n i c a l  p l o t  ( f i g , 8 , 1 0 ) ,
A h i e r a r c h i c a l  g r o u p in g  o f  t h e  same samples  r e v e a l e d  t h a t  
spec im en  CE 2 was a g a i n  more e a s i l y  c l u s t e r e d  w i t h  t h e  V i l l e r s  sample , 
and was combined w i t h  t h e  V i l l e r s  spec im en  V 9 a t  an  e a r l y  s t a g e .  
Spec imens CE 1 and CE 3 on t h e  o t h e r  hand were  grouped  w i t h  Devecey 
s p e c i m e n s .  The Bou Saada  sample  does  n o t  s h o w , t h e r e f o r e , t h e  hom ogene i ty  
o f  o t h e r  s a m p l e s , a  f e a t u r e  which  may be t h e  r e s u l t  o f  u s i n g  museum 
sp e c im e n s .
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Reduced m a jo r  a x e s  were  n o t  c o n s t r u c t e d  f o r  t h e  Bou Saada 
sample  a s  t h e  t h r e e  spec im ens  a r e  u n l i k e l y  t o  have  been  drawn from 
t h e  same p o p u l a t i o n .  Such g roups  have  p r e v i o u s l y  been  found ( p , 2 0 1 )  
to  p roduce  d a t a  u n r e l i a b l e  f o r  com par ison  w i t h  o t h e r  s a m p le s ,
A, Compari son be tw een  a l l  C r e t a c e o u s  and J u r a s s i c  
n u c l e o l i t i d  samples  
The Bou Saada sample ,w hen  i n c o r p o r a t e d  i n t o  a d i s c r i m i n a n t  
f u n c t i o n  a n a l y s i s  o f  a l l  s e n i o r  members o f  t h e  m a jo r  g r o u p in g s  
and u s i n g  t h e  f u l l  15 m ea su rem e n ts ,w a s  s e e n  t o  occupy a p o s i t i o n  
c l o s e  t o  t h e  o t h e r  C r e t a c e o u s  s a m p le , f r o m  Devecey,
S t e p  5
V a r i a b l e s  J ,L ,N 4 ,N 1  and E e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  a l l  g roup  means w ere  a t  l e a s t  p r o b a b l y  
s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) from each  o t h e r ,
S i g n y , N , e l o n g a t u s  g r o u p , T r o u v i l l e  and V i l l e r s  spec im ens  c l a s s i f i e d  
w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  8
V a r i a b l e s  N2,B and M added
A l l  g ro u p  means became h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) 
Spec imens c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  12
V a r i a b l e s  n o t  e n t e r e d ;  A,D and G
U - s t a t i s t i c  = ,0002 ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  means;
P < ,1%)
A l l  s pe c im ens  a r e  100% r e p r e s e n t a t i v e  o f  t h e i r  own g roup  ( u s i n g  
p o s t e r i o r  p r o b a b i l i t y )  e x c e p t  Devecey spec im en  BA 15 (Devecey  98%,
Bou Saada  2%) and  Bou Saada  spec im en  CE 2 (Bou Saada  65%,V i l l e r s  35%), 
C l e a r l y , t h e r e f o r e , t h e r e  i s  n o t  t h e  h a r d  and f a s t  d i s t i n c t i o n  
i n  morphology  be tw een  t h e  Bou Saada ,D evecey  and V i l l e r s  samples
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as there i s  between the T ro u v il le ,S ig n y  and the N .elongatus group,
8 D) C o n c l u s io n s
Both N . s u b q u a d r a t u s  and N . r o t u n d u s  a r e  s t a t i s t i c a l l y  q u i t e  
d i f f e r e n t  f rom t h e  g e n o t y p e , N , s c u t a t u s , a t  a b o u t  t h e  same l e v e l  o f  
d i f f e r e n c e  from i t  a s  N.ampius and N , m i c r a u l u s , Only a  s m a l l  number 
o f  v a r i a b l e s  a r e  needed t o  d e f i n e  t h e s e  d i f f e r e n c e s  and a l l  spec imens  
a r e  c h a r a c t e r i s t i c  o f  t h e i r  own g roup .  There  i s  no o v e r l a p  w i t h  t h e  
t y p e  i n  any  d i s c r i m i n a n t  f u n c t i o n  a n a l y s e s .  N . s u b q u a d r a t u s  i s  
t h e r e f o r e  a d i s t i n c t  s p e c i e s  a t  t h e  ’ second  l e v e l ’ o f  g r o u p in g  
a s  o u t l i n e d  on p , 249 , N . r o t u n d u s  o f t e n  a p p e a r s  d i s t i n c t  b u t  may
o v e r l a p  t o  a  s m a l l  e x t e n t  w i t h  e i t h e r  N . s u b q u a d r a t u s  o r  N . m i c r a u l u s . 
T h i s , a g a i n , m a y  be a f u n c t i o n  o f  s m a l l  sample s i z e  and t h e  u s e  o f  
museum s p e c im e n s ,
N , s u b q u a d r a t u s  can  be s u b j e c t i v e l y  d i s t i n g u i s h e d  from 
N , s c u t a t u s  a s  b e in g  more e l o n g a t e , h a v i n g  a  s h a r p e r  domed a b o r a l  
s u r f a c e  and a  g e n e r a l l y  more s t r e a m l i n e d  a p p e a r a n c e .  I n  d e t a i l ,  
h o w e v e r , m u l t i v a r i a t e  a n a l y s e s  p i c k  o u t  N4,N1 and J  t o  be o f  p r im a ry  
d i s c r i m i n a t i n g  i m p o r t a n c e .  The d i s t a n c e  be tw een  t h e  a p i c a l  d i s c  
and t h e  p e r i p r o c t  ( N l )  i s  l a r g e  i n  N . s u b q u a d r a t u s  and t h e  l e n g t h  
o f  t h e  a n a l  s u l c u s  ( J )  i s  c o r r e  s p o n d i n g l y  s m a l l .  The p o s i t i o n  o f  
t h e  p e r i p r o c t  w i t h i n  t h e  a n a l  s u l c u s  (N4) i s  a l s o  much lo w e r  i n  
N . s u b q u a d r a t u s , The g r e a t e s t  w i d t h  o f  t h e  s p e c im e n ,B ,a n d  t h e  h e i g h t  
o f  t h e  p e r i p r o c t , I , a r e  a l s o  i m p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e s .  
Reduced m a j o r  a x e s  i n v o l v i n g  N4 and I  a r e  c o n s i s t e n t l y  d i f f e r e n t  
be tw een  t h e  two s p e c i e s ,
N . s u b q u a d r a t u s  was e q u a l l y  d i f f e r e n t  i n  com par i sons  w i t h  
N . m i c r a u l u s , b u t  i s  d i s t i n g u i s h e d  on s e p a r a t e  c r i t e r i a .  Here t h e  
morphology  o f  t h e  p e r i p r o c t , !  and I , t h e  l e n g t h  o f  t h e  a n a l  s u l c u s , J ,
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and t h e  a p i c a l  h e i g h t , D , a r e  o f  p r im a ry  d i s c r i m i n a t i n g  im p o r t a n c e ,
Nl and N4 a r e  n o t  i m p o r t a n t  i n  t h i s  a n a l y s i s  a n d , a s  e x p e c t e d , a  
c o m b i n a t i o n  o f  most  o f  t h e  above v a r i a b l e s  i s  u sed  t o  d i s t i n g u i s h  
be tween  N . s u b q u a d r a t u s , N . s c u t a t u s ,and  N .m i c r a u lu s  i n  bo th  d i s c r i m i n a n t  
f u n c t i o n s  and p r i n c i p a l  components  a n a l y s e s .
The e a r l i e r  i n t e r p r e t a t i o n  o f  c a n o n i c a l  p l o t s  ( p , 253 ) i s
f u r t h e r  c o n f i r m e d  by t h e  p o s i t i o n i n g  o f  t h e  N . s u b q u a d r a t u s  sample .
I t  can be p r e d i c t e d  t h a t  t h i s  s t r a t i g r a p h i c a l l y  y o u n g , e l o n g a t e
s p e c i e s  w i l l  be e x p e c t e d  t o  p l o t  a t  t h e  e x t r e m i t i e s  o f  two v e c t o r s
c h a r a c t e r i s i n g  t h e s e  t r a i t s .  F i g u r e  8 ,9  shows t h i s  t o  be t h e  c a s e :
a v e c t o r  r e p r e s e n t i n g  d e c r e a s i n g  s t r a t i g r a p h i e  age  p l o t t i n g  from t o p
r i g h t  t o  bot tom l e f t  o f  t h e  f i g u r e  and a v e c t o r  r e p r e s e n t i n g
i n c r e a s i n g  t e s t  e l o n g a t i o n  from bo t tom r i g h t  t o  t o p  l e f t .  The
N . s u b q u a d r a t u s  g ro u p  p l o t s  beyond t h e  V i l l e r s  and  T r o u v i l l e  samples
a l o n g  t h e  ' a g e '  v e c t o r  t o  t h e  bo t tom  l e f t  o f  t h e  g r a p h , ( c o r r e s p o n d i n g
w i t h  i t s  young a g e ) a n d  w i t h  t h e  V i l l e r s  and N . e l o n g a t u s  samples  a lo n g
t h e  o r t h o g o n a l  ' e l o n g a t i o n '  v e c t o r .  The ' a g e '  v e c t o r  c o r r e s p o n d s
more c l o s e l y  w i t h  M t h a n  Nl ,  Two o t h e r , o r t h o g o n a l , v e c t o r s  composed
o f  Nl and L , o r i e n t a t e d  p a r a l l e l  w i t h  t h e  X and Y a x e s  r e s p e c t i v e l y , c a n
r
s t i l l  be r e c o g n i s e d ,
N , r o t u n d u s  i s  r e p r e s e n t e d  by t h r e e  museum spec imens  o n l y  and ,  
t h e r e f o r e , o n l y  a few p r e l i m i n a r y  c o n c l u s i o n s  ca n  be made. I t  i s  
e a s i l y  d i s t i n g u i s h e d  from N . s c u t a t u s  th ro u g h  v a r i a b l e s  Nl ,D,H and B, 
b e i n g  a  l a r g e  n u c l e o l i t i d  w i t h  t h e  p e r i p r o c t  s i t u a t e d  i n  a p o s t e r i o r  
p o s i t i o n ,
C o m p a r i s io n s  w i t h  a l l  o t h e r  s p e c i e s  s t u d i e d  show N . r o tu n d u s  
t o  be c l o s e l y  a s s o c i a t e d  w i t h  N .m i c r a u lu s  and N . s u b q u a d r a t u s  and t o  
be w e l l  s e p a r a t e d  from N . s c u t a t u s , e . g . f i g . 8 , 1 0 .  I n  some a n a l y s e s  
o v e r l a p  o c c u r s  w i t h  N . m i c r a u l u s , bu t  t h i s  may be due t o  t h e  u s e  o f
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a museum c o l l e c t i o n  r a t h e r  t h a n  a n a t u r a l l y  o c c u r r i n g  s am p le .  
N e v e r t h e l e s s ,  i n  a n a l y s e s  i n v o l v i n g  a l l  t h e  i m p o r t a n t  s p e c i e s  s t u d i e d ,  
t h e  samples  c a n  s t i l l  be c o n s i d e r e d  t o  be d i s t r i b u t e d  w i t h  r e s p e c t  
t o  s t r a t i g r a p h i e  age  and . t e s t  e l o n g a t i o n  i n  c a n o n i c a l  p l o t s .  T h e r e f o r e ,  
t h e  Upper  C r e t a c e o u s , e l o n g a t e  N . r o t u n d u s  l i e s  v e r y  c l o s e  t o  t h e  Lower 
C r e t a c e o u s ,  e l o n g a t e  N . s u b q u a d r a t u s , a l t h o u g h  t h e  d i s t r i b u t i o n  o f  
g roups  i s  n o t  as  c l e a r  as  i n  t h e  p r e v i o u s  p l o t s .  S t r a t i g r a p h i e  age  
i s  now more c l o s e l y  c o r r e l a t e d  w i t h  i n c r e a s e s  i n  M and a sm a l l  
w e i g h t i n g  o f  N l ,  w h i l s t  t h e  two v e c t o r s  l y i n g  p a r a l l e l  t o  t h e  X 
and Y axe s  c a n  be i n t e r p r e t e d  a s  b e in g  composed o f  J  and L r e s p e c t i v e l y .
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CHAPTER 9 -  BIOMETRICS OF AFATOFYGUS RECENS
9 A) I n t r o d u c t i o n
T h i s  s p e c i e s , t h e  o n l y  supposed  l i v i n g  d e s c e n d a n t  o f  N u c l e o l i t e s  
( K i e r , 1 9 6 2 ) , i s  r e p r e s e n t e d  by two samples  f rom t h e  s e a s  a ro und  
New Z e a l a n d ,  One s a m p le , f r o m  t h e  c o l l e c t i o n  o f  t h e  Depa r tm en t  o f  
Z o o l o g y , B r i t i s h  Museum ( N a t u r a l  H i s t o r y ) , i s  o f  18 spec im ens  a l l ,  
e x c e p t  f o u r , h a v i n g  t h e  s p i n e s  i n t a c t  and t h e  p e r i s t o m e  and p e r i p r o c t  
c o v e re d  by a membrane o f  s m a l l  p l a t e s .  The l a b e l  g i v e s  a s  l o c a l i t y  
Golden  B a y ,N e l s o n ,S o u t h  I s l a n d ,  The o t h e r  s a m p l e , g i v e n  t o  t h e  a u t h o r  
by D r , D , F a w s o n , i s  o f  23 much l a r g e r  spec im ens  from W e l l i n g t o n  H a rb o u r ,  
N or th  I s l a n d ,  A l l  spec im ens  a r e  c o v e re d  i n  s p i n e s  and have  t h e  p e r i s t o m a l  
and p e r i p r o c t a l  membranes i n t a c t .  The two samples  a r e  f rom l o c a l i t i e s  
120 km a p a r t .
The s p e c i e s  i s  t y p i c a l l y  e l o n g a t e  w i t h  a l a r g e  p e r i s t o m e  
and p e r i p r o c t  and a n t e r i o r  a p i c a l  s y s t e m .  V a r i a b l e  I  was found  t o  
h ave  u n a c c e p t a b l e  e r r o r s  o f  measurement  and was o m i t t e d  from a l l  
a n a l y s e s  i n v o l v i n g  t h e  New Z e a la n d  s p e c i m e n s .  V a r i a b l e  N4 cou ld  n o t  
be m easu red  on any  spec im en  w i t h  t h e  p e r i p r o c t a l  membrane i n t a c t .
F i g , 9 ,1  i s  a summary o f  a n a l y s e s  c a r r i e d  o u t  i n  t h i s  c h a p t e r ,
9 B) A n a l y s i s  o f  t h e  two A,RECENS samples
The two sam ples  o f  A . r e c e n s  c a n  be compared i n  a s i m i l a r  
manner  t o  e a r l i e r  a n a l y s e s  i n v o l v i n g  f o s s i l  s p e c i e s ,
A s t e p w i s e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s , o m i t t i n g  v a r i a b l e s  
H , I  and N 4 , i n  o r d e r  t o  r e t a i n  as  l a r g e  a sample  a s  p o s s i b l e , p r o d u c e d  
v e r y  s i m i l a r  r e s u l t s  t o  com p a r i s o n s  be tw een  sam ples  o f  N . s c u t a t u s  
( C h a p t e r  5)
S t e p  5
V a r i a b l e s  J ,N 3 ,N 1 ,C  and N2 e n t e r e d
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Specimens  c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  97%
S t e p  9 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  G,L and M
U - s t a t i s t i c  = .25 ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  means;  P<  .5%) 
Specimens c l a s s i f i e d  a s  100% r e p r e s e n t a t i v e  o f  t h e i r  own g roup  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  97%
Specimens  n o t  a  s i g n i f i c a n t  d i s t a n c e  (P >  5%) from e i t h e r  g roup  
( u s i n g  /  ^ t e s t s  o f  D^) ;  35%, Compare w i t h  f i g , 5 , 9 ,
F i g u r e  9 , 2  i s  a c a n o n i c a l  v a r i a t e  p l o t  o f  t h e  m u l t i v a r i a t e  
d i s t r i b u t i o n  o f  spec im ens  (compare  w i t h  f i g , 5 , 3 ) .
F i g , 9 , 3  i s  a p l o t  o f  t h e  f i r s t  two e i g e n v e c t o r s  o f  a p r i n c i p a l  
component  a n a l y s i s  u s i n g  t h e  same s pe c im ens  and v a r i a b l e s  a s  i n  t h e  
p r e v i o u s  a n a l y s i s .  F i g , 9 , 4  t a b u l a t e s  t h e  e i g e n v a l u e s  and d i r e c t i o n  
c o s i n e s  f o r  t h e  f i r s t  f o u r  e i g e n v e c t o r s .  The f i r s t  component  i s  a  
s i z e  v e c t o r  composed o f  v a r i a b l e s  A t o  Nl and i n c l u d i n g  v a r i a b l e  L 
The second  v e c t o r  i s  w e i g h te d  h e a v i l y  f o r  N2, The p l o t  o f  t h e s e  two 
c o m p o n e n t s , a c c o u n t i n g  f o r  86% o f  t o t a l  v a r i a n c e , r e v e a l s  o v e r l a p  
be tw een  t h e  g ro u p s  w i t h  maximum d i f f e r e n t i a t i o n  o c c u r r i n g  a lo n g  t h e  
s i z e  v e c t o r .
The h i e r a r c h i c a l  g r o u p in g  program was n o t  a b l e  t o  d i s t i n g u i s h  
a d e q u a t e l y  be tw een  t h e  g r o u p s .  A l l  c l u s t e r s  formed i n  t h e  f i n a l  
s t a g e s  o f  t h e  a n a l y s i s  were  composed o f  spec im ens  from bo th  g r o u p s ,
A c o m p a r i s o n  o f  r e d u c e d  m a jo r  a x e s  f o r  t h e  W e l l i n g t o n  
and N e l s o n  sam ples  r e v e a l e d  a  d e g r e e  o f  s i m i l a r i t y  c l o s e  t o  t h a t  
f ound  t o  o c c u r  be tw een  v a r i o u s  N . s c u t a t u s  s a m p l e s . ( c o m p a r e  w i t h  f i g , 5 , 1 0 ) .  
T h i r t e e n  v a r i a b l e s  were  used  f o r  c o m p a r i s o n , o m i t t i n g  I  and N4 ,and ,  
t h e r e f o r e , o n l y  tw e lv e  s l o p e s  c a n  be c o n s t r u c t e d  f o r  each  v a r i a b l e .
For  A w i t h  a l l  o t h e r  v a r i a b l e s  o n l y  two s l o p e s  were  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  ( P <  1%) and a  f u r t h e r  s l o p e  was p r o b a b l y  s i g n i f i c a n t l y
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PRINCIPAL COMPONENT ANALYSIS
Nelson and Wellington samples. 
12 variables, 31 cases.
Eigenvalues
Cumulative
9.39
proport
.98
ions of
.88 .40
total variance
78^
Eigenvectors
86^ 94% 97%
1 2 3 4
A — .33 - . 03 -.02 - . 0 5
B — .32 .04 - . 0 5 -.07
C — .31 ,01 .01 - . 08
D — .31 -.02 — .10 — , 10
E - . 3 2 , -.00 - . 0 4 — .04
G — .33 .02 - . 03 - . 0 7
J — . 30 ,20 - . 0 9 .35
L - . 28 .25 - . 1 9 . 60
M - . 32 - . 07 .15 - . 1 7
Nl — . 30 - . 1 5 .18 -.54
N2 -. 12 - , 8 9 .18 .34
N3 — , 12 .'26 .92 .14
Figure 9,4. Eigenvalues and direction cosines of the 
first four eigenvectors for the Nelson 
and Wellington samples. The first two 
eigenvectors are plotted on fig.9,3.
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d i f f e r e n t  (1% < P < 5%), N2 c o n t r i b u t e d  most  v a r i a b i l i t y  i n  t h e  
second  v e c t o r  o f  t h e  p r i n c i p a l  components  a n a l y s i s  d e s c r i b e d  above .
I n  c o m p a r i s o n s  o f  r e d u c e d  m a jo r  a x e s  i t  i s  found  t h a t  t h i s  v a r i a b l e  
p roduced  most  d i s s i m i l a r  s l o p e s .  Only t h e  s l o p e s  formed from N2 
w i t h  H were  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P > 5%) be tw een  t h e  two 
sam ples  b u t  even  t h e s e  s l o p e s  were  a s i g n i f i c a n t  d i s t a n c e  a p a r t  (P < 1%), 
The a n a l y s e s  i n d i c a t e  t h a t  t h e  r a n g e  o f  v a r i a t i o n  be tween  
t h e s e  c o n s p e c i f i c  s am ples  i s  o f  a s i m i l a r  n a t u r e  t o  t h a t  found 
be tw een  t h e  s a m p le s  o f  N , s c u t a t u s , The a c t u a l  v a r i a b l e s  t h a t  d i s t i n g u i s h  
be tw een  t h e  g r o u p s  a r e , h o w e v e r , d i f f e r e n t .  D i f f e r e n t i a t i o n  be tween  t h e  
two sam ples  o f  A , r e c e n s  i s  p r i m a r i l y  a f u n c t i o n  o f  t e s t  s i z e , a n d  
may m e r e l y  r e f l e c t  age  s e p a r a t e d  g r o u p s .  The two samples  c a n , t h e r e f o r e ,  
be combined t o  t a k e  a c c o u n t  o f  a  f u l l e r  age  r a n g e  i n  c om par i son  w i t h  
o t h e r  s a m p l e s .  The two combined sam ples  w i l l  be r e f e r r e d  t o  a s  t h e  
New Z e a la n d  sample  i n  s u b s e q u e n t  a n a l y s e s .
9 C) Compari son  w i t h  N.SCUTATUS samples
A s t e p  w i s e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  r e v e a l s  a s h a r p  
d i s t i n c t i o n  be tw een  t h e  two sa m p le s  o f  A , r e c e n s  and t h e  T r o u v i l l e  
sample  o f  N , s c u t a t u s .
S t e p  2
V a r i a b l e s  Nl and C e n t e r e d
F m a t r i x  i n d i c a t e d  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P < 1%) be tween  
g ro u p  means .  ^
Spec imens c l a s s i f i e d  w r ong ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  12 ( f i n a l )
V a r i a b l e  n o t  e n t e r e d ;  D
U - s t a t i s t i c  = ,06  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  means;  P <  ,1%)
Spec im ens  c l a s s i f i e d  as  100% r e p r e s e n t a t i v e  o f  t h e i r  own g roup  
( u s i n g  p o s t e r i o r  p r o b a b i l i t y ) ;  100%
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Specimens  w i t h  a low p r o b a b i l i t y  (P < ,1%) o f  b e l o n g i n g  to  t h e
Y 2 2o p p o s in g  g ro u p  ( u s i n g  /\ t e s t s  o f  D ) ;  100%
F i g , 9 ,5  i s  a p l o t  o f  t h e  f i r s t  two v e c t o r s  o f  a  p r i n c i p a l  
component  a n a l y s i s  u s i n g  t h e  same spec im ens  and v a r i a b l e s  a s  t h e  
p r e v i o u s  a n a l y s i s .  From a t a b u l a t i o n  o f  t h e  e i g e n v a l u e s  and d i r e c t i o n  
c o s i n e s  o f  t h e  f i r s t  f o u r  e i g e n v e c t o r s , f i g , 9 , 6 , i t  can  be s e e n  t h a t  
t h e  c o m p o s i t i o n  o f  t h e s e  f i r s t  two v e c t o r s  i s  v e r y  s i m i l a r  t o  t h e  
a n a l y s i s  o f  t h e  two New Z e a la n d  samples  (compare  w i t h  f i g , 9 , 4 ) ,
Aga in  t h e  f i r s t  v e c t o r  i s  a  s i z e  component  composed o f  v a r i a b l e s  A 
t o  Nl and t h e  second  v e c t o r  i s  w e i g h te d  h e a v i l y  f o r  N2, The p l o t  o f  
t h e s e  two v e c t o r s , a c c o u n t i n g  f o r  86% o f  t h e  t o t a l  v a r i a b i l i t y , p r o d u c e s  
two g rowth  a x e s  w i t h  i n c r e a s i n g  s i z e  c o r r e l a t e d  w i t h  i n c r e a s i n g  
i n d e n t a t i o n  o f  t h e  p o s t e r i o r  b o r d e r .  S m a l l e r  members o f  t h e  two g roups  
p l o t  i n  a  s i m i l a r  p o s i t i o n , b u t  i n c r e a s e s  i n  N2 p roceed  much s lo w e r  
w i t h  i n c r e s e  i n  s i z e  w i t h i n  t h e  New Z e a la n d  sample  o f  A . r e c e n s  
t h a n  w i t h i n  t h e  N . s c u t a t u s  g ro u p .  D i f f e r e n t i a t i o n  be tween  t h e  g roups  
i s , t h e r e f o r e , p o s s i b l e  w i t h  m os t  members o f  t h e  two g r o u p s ,
A h i e r a r c h i c a l  g r o u p in g  program d i f f e r e n t i a t e d  p e r f e c t l y  
be tw een  t h e  two g r o u p s ,
A c o m p a r i s o n  o f  r e d u c e d  m a jo r  a x e s , b e t w e e n  t h e  T r o u v i l l e  and 
New Z e a la n d  s a m p l e s , o m i t t i n g  v a r i a b l e  I , r e v e a l e d  l a r g e  d i f f e r e n c e s "  
be tw een  t h e  g r o u p s  ( s e e  p a r t  o f  f i g , 9 , 7 ) ,  Only  f o u r  a x e s  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( P > 5%) f o r  bo th  A and L w i t h  a l l  o t h e r  
v a r i a b l e s .  I n  t h e  c a s e  o f  t h e  i m p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e s ,
Nl and N 2 , t h e  f i g u r e s  were  one and two s l o p e s  r e s p e c t i v e l y .  Th is  
d e g r e e  o f  d i f f e r e n c e  i s  h i g h e r  t h a n  i n  c om pa r i sons  be tween  any  o t h e r  
p a i r  o f  s am ples  used  i n  t h e  p r e s e n t  s t u d y , e , g ,  compare w i t h  t h e  
T r o u v i l l e  -  V i l l e r s  c o m p a r i s o n , C h a p t e r  7 F ,3 ,
U s in g  t h e  12 v a r i a b l e s  common t o  m os t  New Z e a la n d  s p e c im e n s ,  
c o m p a r i s o n s  were  e x t e n d e d  t o  i n c l u d e  s t e p w i s e  d i s c r i m i n a n t  f u n c t i o n
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PRINCIPAL COMPONENT ANALYSIS 
New Zealand and Trouville samples. 
13 variables, 44 cases.
Eigenvalues
Cumulative
9.45 1.77
proportions of
.82 .38
total variance
7 2 %
Eigenvectors
86^ 93^ 9 6 %
1 2 3 4
A -.32 -. 06 .05 .15
B -.32 .05 .04 .02
C -.27 . 3 6 - . 0 7 — .35
D — .26 .40 .05 -.37
E - . 3 2 - . 08 . 06 . 22
G - . 3 2 - . 09 .05 .13
H — • 30 .02 .08 .19
J —. 30 -.22 — .04 - . 3 0
L - . 2 7 — .31 .08 — .39
M - . 3 0 .19 .15 .00
Nl - . 2 9 — .14 .05 .54
N2 — . 00 . 6 9 *-•11 . 2 9
N3 - . 1 5 - . 09 - . 9 7 T03
Figure 9^6• Eigenvalues and direction cosines of the first 
four eigenvectors for the New Zealand and 
Trouville samples. The first two eigenvectors 
are plotted ip fig.9,5.
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Variables
Signy
Trouville
Villers
Devecey
A L Nl N2
A. 4 12 7 11
B. 1 1 3 0
C. 8 0 3 2
D. 0 0 0 0
A. 7 4 10 11
B. 2 5 2 0
C. 4 4 1 2
D. 0 0 0 0
A. 4 3 5 10
B. 2 3 0 1
C. 7 7 8 2
D. 0 0 1 0
A. 1 1 1 11
B. 1 2 1 1
C. 11 10 11 1
D. 0 1 2 0
Figure 9^7. Comparison of reduced major axes between 
the combined New Zealand samples and the 
four important samples of Signy, Trouville, 
Villers and Devecey for the variables 
shown with all other variables. Key as for 
fig.5, 10.
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a n a l y s i s  o f  a l l  i m p o r t a n t  N . s c u t a t u s  s a m p le s .  F i r t s l y , s e v e n  g roups  
were  c o n s t r u c t e d  from t h e  two A. r e c e n s  and f i v e  N . s c u t a t u s  samples  
u sed  i n  C h a p t e r  5H, S e c o n d l y , t h e  same s pe c im ens  were a r r a n g e d  i n t o  
two g r o u p s , r e p r e s e n t i n g  t h e  two s p e c i e s , i n  a s i m i l a r  manner  t o  
c o m p a r i s o n s  be tw een  N . s c u t a t u s  and N . l a t i p o r u s  ( C h a p t e r  6 F ) ,
I n  t h e  f i r s t  o f  t h e s e  a n a l y s e s  t h e  r e s u l t s  w e r e i -  
S t e p  3
V a r i a b l e s  N1,M and L e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  t h e  g ro u p  means o f  a l l  samples  became h i g h l y  
s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) from t h e  g ro u p  means o f  any sample 
from t h e  o p p o s in g  s p e c i e s .
S t e p  4 
V a r i a b l e  C added
Spec imens  c l a s s i f i e d  w i t h  t h e  wrong s p e c i e s  by p o s t e r i o r  p r o b a b i l i t y ;  
0%
S t e p  12 ( f i n a l )
U - s t a t i s t i c  = .02 ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  means;  P <  ,1%) 
A l l  g ro u p  m e a n s , e x c e p t  Wootton B a s s e t t  and T r o u v i l l e  (1% <• P < 5%), 
w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%),
Spec imens  w i t h  a  low p r o b a b i l i t y  (P < 5%) o f  b e l o n g i n g  t o  a g roup  
from t h e  wrong s p e c i e s  ( u s i n g  t e s t s  o f  D^);  0%
F i g , 9 , 8  i s  a c a n o n i c a l  p l o t  o f  t h e  m u l t i v a r i a t e  d i s t r i b u t i o n  
o f  spec im ens  u s e d  i n  t h e  d i s c r i m i n a n t  a n a l y s i s  and r e p r e s e n t s  90% 
o f  t o t a l  d i s p e r s i o n .  Between s p e c i e s  d i f f e r e n c e s  a r e  maximised a lo n g  
t h e  a x i s  o f  t h e  f i r s t  c a n o n i c a l  v a r i a t e , t h e  c o e f f i c i e n t s  o f  wh ich  a r e  
h i g h l y  w e i g h te d  f o r  o r i g i n a l  v a r i a b l e s  G and Nl ,  N l , t h e  d i s t a n c e  
b e tw een  t h e  a p i c a l  d i s c  and t h e  p e r i p r o c t , i s  t h e  p r im a r y  d i s c r i m i n a t i n g  
v a r i a b l e  i n  t h e  s t e p w i s e  d i s c r i m i n a n t  f u n c t i o n  p r o c e d u r e ,  G ( t h e  
d i s t a n c e  from t h e  a n t e r i o r  o f  t h e  t e s t  t o  t h e  most  a n t e r i o r  p o i n t  
o f  t h e  s u l c u s  a t  t h e  p o s t e r i o r  b o r d e r ) i s  u s e d  a s  a m easu re  o f  l e n g t h
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r a t h e r  t h a n  A ( t h e  g r e a t e s t  l e n g t h  o f  t h e  t e s t )  a s  t h e  d e p th  o f  t h e  
s u l c u s  i s  u s u a l l y  l a r g e r  w i t h i n  N . s c u t a t u s  t h a n  A. r e c e n s , G i s  
e q u i v a l e n t  t o  A -  N2, O v e r a l l  d i f f e r e n c e s  be tw een  sam ples  o f  t h e  
two s p e c i e s  c a n  be summarised i n  t e rm s  o f  l e n g t h , d e p t h  o f  t h e  
p o s t e r i o r  n o t c h  and t h e  d i s t a n c e  be tween  t h e  a p i c a l  d i s c  and p e r i p r o c t .  
W i t h in  s p e c i e s  d i f f e r e n c e s  a r e  maximised a l o n g  t h e  a x i s  o f  
t h e  second  c a n o n i c a l  v a r i a t e , t h e  c o e f f i c i e n t s  o f  which  a r e  h i g h l y  
w e i g h te d  f o r  C,D and L, L ( t h e  l e n g t h  o f  t h e  p e r i p r o c t )  i s  t h e  t h i r d  
d i s c r i m i n a t i n g  v a r i a b l e  t o  be e n t e r e d  i n  t h e  s t e p w i s e  d i s c r i m i n a t i n g  
p r o c e d u r e .  I t  i s  a l s o  a p r im a r y  d i s c r i m i n a t i n g  v a r i a b l e  i n  a n a l y s e s  
o f  v a r i o u s  N . s c u t a t u s  s a m p l e s .  C ( t h e  g r e a t e s t  h e i g h t  o f  t h e  t e s t ) ,  
which  i s  h i g h l y  c o r r e l a t e d  w i t h  D ( t h e  a p i c a l  h e i g h t )  i s  t h e  f o u r t h  
d i s c r i m i n a t i n g  v a r i a b l e  i n  t h e  above  a n a l y s i s  o f  t h e  two A . r e c e n s  
s a m p l e s .
The f i r s t  c a n o n i c a l  v a r i a t e  i s  d i s c r i m i n a t i n g  be tw een  s p e c i e s ,  
w h i l s t  t h e  second  i s  d i s c r i m i n a t i n g  w i t h i n  s p e c i e s .  T h i s  second 
v e c t o r  i s  c o r r e l a t e d  i n  p a r t  w i t h  a  f a c i e s  d e p e n d e n t  c h a r a c t e r .
I n  t h e  second  a n a l y s i s  a l l  spec im ens  w ere  g rouped  i n t o  t h e i r  
c o r r e c t  s p e c i e s .  The r e s u l t s  w e r e : -  
S t e p  2
V a r i a b l e s  Nl and C e n t e r e d
F m a t r i x  i n d i c a t e d  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  (P < 1%) be tween  
g r o u p  means
S t e p  5
V a r i a b l e s  J , B  and E added
Spec imens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  12 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  C and N2 (C was removed a t  t h e  l a s t  s t e p  
o f  t h e  a n a l y s i s )
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U - s t a t i s t i c  = ,13  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g roup  means;  P < ,1%) 
Spec imens w i t h  a low p r o b a b i l i t y  (P < 5%) o f  b e l o n g i n g  t o  t h e  wrong
g r o u p  ( u s i n g  t e s t s  o f  D^);  100%
The f i r s t  f i v e  v a r i a b l e s  t o  be e n t e r e d  were  used  i n  e x a c t l y  
t h e  same o r d e r  and a c h i e v e d  t h e  same r e s u l t s  a s  i n  t h e  T r o u v i l l e
New Z e a la n d  a n a l y s i s  ( s e e  above)  and j u s t i f y  t h e  u s e  o f  a  s i n g l e
g r o u p , s u c h  a s  T r o u v i l l e , t o  r e p r e s e n t  a c om p le te  s p e c i e s  o r  even, 
c h r o n o s p e c i e s  i n  m u l t i v a r i a t e  c o m p a r i s o n s .
The above  a n a l y s e s  show a much g r e a t e r  d e g r e e  o f  d i f f e r e n c e  
be tw een  t h e  g r o u p s  t h a n  be tw een  sam ples  o f  N . s c u t a t u s  and N . l a t i p o r u s ,
9 D) Compari son  w i t h  o t h e r  n u c l e o l i t i d  samples
The d e g r e e  o f  d i f f e r e n c e  be tw een  N , s c u t a t u s  and A . r e c e n s  
was f u r t h e r  a s s e s s e d  by a d d in g  o t h e r  p o s t - m i d d l e  J u r a s s i c  samples  
t o  t h e  a n a l y s i s .  U s ing  13 v a r i a b l e s , b y  o m i t t i n g  I  and N4,a  s t e p w i s e  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was c a r r i e d  o u t  on t h e  T r o u v i l l e ,  
V i l l e r s , D e v e c e y , B o u  Saada and New Z e a la nd  s a m p le s .
S t e p  5
V a r i a b l e s  L,N1,C ,E  and N2 e n t e r e d
J u r a s s i c  spec im ens  c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  0%
Most g ro u p  means w ere  h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t  (P < 1%) from 
each  o t h e r .  The bou Saada  sample was n o t  s i g n i f i c a n t l y  d i f f e r e n t  
(P > 4%) from e i t h e r  t h e  Devecey o r  New Z e a la n d  g r o u p s .
S t e p  12 ( f i n a l )
V a r i a b l e  n o t  e n t e r e d ;  D
U - s t a t i s t i c  = .0 0 4  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  means;  P < ,1%) 
F m a t r i x  i n d i c a t e d  t h a t  t h e  Bou Saada  sample  was o n l y  p r o b a b l y  
s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) from t h e  Devecey and New Z e a la n d  
s a m p l e s .
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Spec imens c l a s s i f i e d  w ro n g ly  by p o s t e r i o r  p r o b a b i l i t y ;  T r o u v i l l e  0%, 
V i l l e r s  0%, Devecey 8%, Bou Saada  0%, New Z e a la n d  4%,
F i g . 9 , 9  i s  a c a n o n i c a l  v a r i a t e  p l o t  o f  t h e  g r oups  r e p r e s e n t i n g  
90% o f  t o t a l  d i s p e r s i o n .  The s l i g h t  o v e r l a p  i n  p o s t - J u r a s s i c  g roups  
i s  g r a p h i c a l l y  i l l u s t r a t e d ,
A c l u s t e r  a n a l y s i s  o f  t h e  V i l l e r s , D e v e c e y , B o u  Saada and New 
Z e a la n d  sam ples  p roduced  s i m i l a r  r e s u l t s .  The Bou Saada spec im en  
CE 2 was a g a i n  g rouped  w i t h  t h e  V i l l e r s  g ro u p  a t  a n  e a r l y  s t a g e ,  
w h i l s t  t h e r e  was c o n s i d e r a b l e  o v e r l a p  o f  g r o u p i n g  be tw een  t h e  Devecey ,  
Bou Saada  and New Z e a la n d  s p e c i m e n s .
The f i n a l  a n a l y s i s  i n v o l v e d  a l l  s e v e n  m a j o r  g ro u p s  sam pled .
I t  added t h e  two m i d d l e  J u r a s s i c  s am ples  o f  S ig n y  and N . e l o n g a t u s  
t o  t h o s e  u s e d  i n  t h e  p r e v i o u s  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .  The 
same 13 v a r i a b l e s  w ere  u s e d ,  v. d .
S t e p  6
V a r i a b l e s  L , J , N 1 , C , E  and N2 e n t e r e d
F m a t r i x  i n d i c a t e d  t h a t  most  g r o u p  means were h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  (P < 1%) from each  o t h e r .  Bou Saada  was o n l y  p r o b a b l y  
s i g n i f i c a n t l y  d i f f e r e n t  (1% < P < 5%) from t h e  Devecey and New Ze a la nd  
s a m p l e s ,
S i g n y , N . e l o n g a t u s , T r o u v i l l e  and V i l l e r s  spec im ens  c l a s s i f i e d  w rong ly  
by p o s t e r i o r  p r o b a b i l i t y ;  0%
S t e p  12 ( f i n a l )
V a r i a b l e s  n o t  e n t e r e d ;  D
U - s t a t i s t i c  = ,0002  ( S i g n i f i c a n c e  o f  i n e q u a l i t y  o f  g ro u p  means;P ( . 1 % )  
Group p r o b a b i l i t y  t a b l e  showed
Devecey spec im ens  c l a s s i f i e d  w i t h  Bou Saada ;  8%
New Z e a la n d  spec im ens  c l a s s i f i e d  w i t h  Devecey;  4%
F i g , 9 ,1 0  t a b u l a t e s  t h e  p r o b a b i l i t y  o f  spec im ens  b e lo n g i n g  t o
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a p a r t i c u l a r  g roup  ( u s i n g  X ^ t e s t s  o f  D^) ,  The l i n e a r i t y  o f  t h e  
s am ples  w i t h  t im e  i s  w e l l  i l l u s t r a t e d .
F i g , 9 ,11  i s  a c a n o n i c a l  v a r i a t e  p l o t  o f  t h e  spec im ens  u sed  
i n  t h e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  b u t , b e c a u s e  o f  t h e  l a r g e  number 
o f  g ro u p s  u s e d , r e p r e s e n t s  o n l y  76% o f  t h e  t o t a l  d i s p e r s i o n .  The 
d i s c r e t e n e s s  o f  t h e  f o u r  J u r a s s i c  samples  compared w i t h  t h e  t h r e e  
p o s t - J u r a s s i c  g roups  i s , h o w e v e r , w e l l  i l l u s t r a t e d .  A p a r t  f rom t h e  
a p p a r e n t  anomolous p o s i t i o n  o f  t h e  N . e l o n g a t u s  s a m p l e , t h e r e  i s  a  
g e n e r a l  t r e n d  i n d i c a t i n g  d e c r e a s i n g  age  tow ards  t h e  u p p e r  r i g h t  
hand  c o r n e r  o f  t h e  g r a p h .  T h i s  v e c t o r  c o r r e s p o n d s  c l o s e l y  t o  an  
a n t e r i o r  movement o f  t h e  a p i c a l  d i s c , v a r i a b l e  M,
F i g , 9 ,7  summari ses  c o m p a r i s o n s  o f  r e d u c e d  m a jo r  axe s  be tw een  
A . r e c e n s  and f o s s i l  s am ples  o f  N u c l e o l i t e s , The com p a r i s o n s  a r e  
a r r a n g e d  i n  t e rm s  o f  i n c r e a s i n g  s i m i l a r i t y  ( f e w e r  s i g n i f i c a n t  d f f e r e n c e s )  
t o  t h e  New Z e a la n d  s am p le .  T h i s  o r d e r  c o r r e s p o n d s  c l o s e l y  t o  a 
d e c r e a s e  i n  t h e  s t r a t i g r a p h i e  age  o f  t h e  s am p le .  The y o u n g e s t  sample  
o f  N u c l e o l i t e s  i s  most  s i m i l a r  t o  t h e  R e c e n t  A . r e c e n s ,
9 E) C o n c l u s i o n s
Com pari son  be tw een  t h e  two A . r e c e n s  sam ples  r e v e a l e d  a d e g r e e  
o f  d i f f e r e n c e  a t  a v e r y  s i m i l a r  l e v e l  t o  t h a t  found  t o  e x i s t  be tw een  
the ,  v a r i o u s  sam ples  o f  N . s c u t a t u s ,a n d  adds  w e i g h t  t o  t h e  a rgum ent  
t h a t  t h e  N . s c u t a t u s  s am ples  a r e  c o n s p e c i f i c .  The n a t u r e  o f  t h e  d i f f e r e n c e  
be tw een  t h e  c o n s p e c i f i c  s am ples  i s , h o w e v e r , d i f f e r e n t .  For  example,  
w i t h i n  A . r e c e n s  t h e  two sam ples  can  be d i s t i n g u i s h e d  on s i z e  and 
a  s i z e  v a r i a b l e , C , i s  e n t e r e d  a t  s t e p  f o u r  i n  d i s c r i m i n a n t  a n a l y s i s .  
V a r i a b l e s  N1,N2 and M3 a r e  i m p o r t a n t  i n  d i s t i n g u i s h i n g  be tween  t h e  
two R e c e n t  s am ples  w h e re as  t h e y  a r e  r a r e l y  i m p o r t a n t  i n  a n a l y s e s  
i n v o l v i n g  N , s c u t a t u s  s a m p l e s .  V a r i a b l e  J  i s  an  i m p o r t a n t  d i s c r i m i n a t i n g
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v a r ia b le  in  both a n a ly se s .
F i g . 9 , 3  i s  a p l o t  o f  A . r e c e n s  spec im ens  a l o n g  t h e  f i r s t  two 
v e c t o r s  o f  a p r i n c i p a l  component  a n a l y s i s .  I t  r e v e a l s  t h a t  t h e  m a jo r  
d i f f e r e n t i a t i o n  be tw een  t h e  g roups  i s  a lo n g  t h e  s i z e  component ,  
u n l i k e  a n a l y s e s  i n v o l v i n g  N . s c u t a t u s  g roups  which  show be tween  sample  
d i f f e r e n c e s  t h a t  a r e  i n d e p e n d e n t  o f  s i z e  ( e . g . f i g . 5 , 5 ) .  Th i s  i n d i c a t e s  
t h a t  t h e  two A . r e c e n s  samples  may r e p r e s e n t  s i z e  d i f f e r e n t i a t i e d ,  
m i g r a t o r y  a ge  g r o u p s  o f  a s i m i l a r  n a t u r e  t o  t h o s e  o b s e rv e d  i n  l i v i n g  
s p a t a n g o i d s  ( B u c h a n a n ,1 9 6 6 ) ,
A , r e c e n s  can be d i s t i n g u i s h e d  from N . s c u t a t u s  t h ro u g h  t h e  
u s e  o f  v a r i a b l e s  N1 and C o n l y , A . r e c e n s  b e i n g  a  f l a t t e r  s p e c i e s  
w i t h  t h e  a p i c a l  d i s c  l y i n g  some d i s t a n c e  from t h e  p e r i p r o c t , i . e ,  a b o u t  
29% o f  t h e  t o t a l  l e n g t h  a s  compared t o  a round  21% i n  N . s c u t a t u s , 
M a ha la nob is  d i s t a n c e s  and p o s t e r i o r  p r o b a b i l i t y  i n d i c a t e  a  d i f f e r e n t i a t i o n  
be tw een  t h e  two t y p e s  a t  t h e  ' s e c o n d  l e v e l *  o f  g r o u p in g  a s  o u t l i n e d  
on p*249 . P r i n c i p a l  component  a n a l y s i s  and com p a r i s o n s  o f  r e d u c e d  
m a j o r  a x e s  r e v e a l  t h a t  t h e  d e p t h  o f  t h e  p o s t e r i o r  g r o o v e , v a r i a b l e  N2, 
i n c r e a s e s  much more s l o w l y  d u r i n g  growth  i n  A . r e c e n s  t h a n  i n  
N . s c u t a t u s . V a r i a b l e s  J , B  and E a r e  a l s o  i m p o r t a n t  i n  S t e p w ise  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  be tw een  t h e  two s p e c i e s .  V a r i a b l e  M 
becomes i m p o r t a n t  i n  a n a l y s e s  t h a t  d i s c r i m i n a t e  be tw een  a l l  samples  
o f  A . r e c e n s  and N . s c u t a t u s .
I n  c om pa r i sons  w i t h  o t h e r  n u c l e o l i t i d  s am ples  i t  i s  found 
t h a t  A . r e c e n s  i s  more s i m i l a r  i n  morphology t o  t h e  y o unge r  C r e t a c e o u s  
s am ples  t h a n  t o  t h e  o l d e r  J u r a s s i c  g r o u p s .  N e i t h e r  d i s c r i m i n a n t  
f u n c t i o n s  n o r  c l u s t e r  a n a l y s e s  a r e  a b l e  t o  d i s t i n g u i s h  f u l l y  between  
t h e  p o s t - J u r a s s i c  s a m p l e s .  C a n o n i c a l  v a r i a t e  p l o t s  o f  t h e  v a r i o u s  
g r o u p s  do ,how e ve r , show  a c o n s i s t e n t  t r e n d  w i t h  e a r l i e r  a n a l y s e s  
( e . g . f i g s , 7 , 1 0  and 8 , 9 ) ,  Fo r  example f i g , 9 , 9  shows t h a t  t h e  New
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Z e a la n d  sample  l i e s  a t  t h e  e x t r e m e  end o f  an  age  v e c t o r  r u n n in g  
tow a rds  t h e  t o p  l e f t  o f  t h e  g r a p h .  An o r t h o g o n a l  v e c t o r  i n d i c a t e s  a 
d i s t i n c t i v e n e s s  be tw een  T r o u v i l l e  and t h e  more e l o n g a t e  samples  o f  
V i l l e r s , D e v e c e y , B o u  Saada and New Z e a l a n d .  /
I n  a c a n o n i c a l  v a r i a t e  p l o t  o f  a l l  m a jo r  s am ples  ( f i g . 9 , 1 1 )  
t h e r e  i s  a g a i n  a  t r e n d  tow a rds  d e c r e a s i n g  age  ( t o w a r d s  t h e  t o p  
r i g h t  o f  t h e  g r a p h ) , w h i c h  c o r r e s p o n d s  c l o s e l y  w i t h  d e c r e a s e s  i n  
v a r i a b l e  M. W i t h in  t h e  m id d le  J u r a s s i c  S ig n y  and N . e l o n g a t u s  
g r o u p s  t h e  a p i c a l  d i s c  i s  i n  a c e n t r a l  p o s i t i o n  on  t h e  a b o r a l  s u r f a c e ,
M i s  47% o f  t o t a l  l e n g t h , A , i n  N.amplus and 50% o f  t o t a l  l e n g t h  
i n  N . e l o n g a t u s . W i t h in  t h e  u p p e r  J u r a s s i c  s am ples  i t s  p o s i t i o n  i s  
41% i n  N . s c u t a t u s  and 39% i n  N . m i c r a u l u s . W i t h i n  t h e  t h r e e  p o s t - J u r a s s i c .  
s am ples  t h e  a p i c a l  d i s c  l i e s  c o n s i s t e n t l y  34% of  t h e  d i s t a n c e  
a l o n g  t h e  a b o r a l  s u r f a c e  from t h e  a n t e r i o r  o f  t h e  t e s t .  The v e c t o r  
p a r a l l e l  w i t h  t h e  X a x i s  o f  t h e  g rap h  i s  composed o f  NX and N2 
i n  i n v e r s e  p r o p o r t i o n s .  T h i s  i n d i c a t e s  o n l y  a g e n e r a l  t r e n d : t o w a r d s  
a n  i n c r e a s e  i n  t h e  d i s t a n c e  be tw een  t h e  p e r i p r o c t  and  a p i c a l  d i s c  
w i t h  t i m e .  T h e re  i s , h o w e v e r , a  d e g r e e  o f  v a r i a t i o n  i n  t h i s  d i s t a n c e  
be tw een  s p e c i e s  a t  any g i v e n  s t r a t i g r a p h i e  s t a g e .
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CHAPTER 10 -  DISCUSSION
10 A) The e c o l o g i c a l  s i g n i f i c a n c e  o f  v a r i a t i o n  w i t h i n  N.SCUTATUS 
The sam ples  o f  N . s c u t a t u s  used  i n  t h i s  s t u d y  r e p r e s e n t  
a  s i n g l e , w i d e s p r e a d  s p e c i e s  showing a d i s t i n c t i v e  m o r p h o l o g i c a l  
d i v e r s i t y  which c a n  be c o r r e l a t e d  w i t h  s u b s t r a t e  t y p e .  Each sample  
c a n , t h e r e f o r e , b e  c o n s i d e r e d  t o  r e p r e s e n t  a l o c a l  p o p u l a t i o n  a d a p te d  
t o  a p a r t i c u l a r  s e d i m e n t a r y  e n v i r o n m e n t .  Each i n d i v i d u a l  p o p u l a t i o n  
i s  n o t  i s o l a t e d  from o t h e r  l o c a l  p o p u l a t i o n s  s i n c e  v a r i a t i o n  w i t h i n  
t h e  s p e c i e s  i s  shown t o  be c o n t i n u o u s .  T h i s  c o n t i n u o u s  v a r i a t i o n  
i s  d e m o n s t r a t e d  by t h e  c o n s i d e r a b l e  o v e r l a p  i n  morphology be tween  
t h e  sam ples  w i t h  no c o m b i n a t i o n  o f  v a r i a b l e s  c h a r a c t e r i s i n g  a l l  
spec im ens  o f  one g ro u p  s u f f i c i e n t l y  d i s t i n c t l y  t o  d i f f e r e n t i a t e  
them a l l  f rom s pe c im ens  o f  a n o t h e r  g r o u p .
G e n e t i c  d i f f e r e n c e s  be tw een  t h e s e  f o s s i l  g r oups  c a n n o t  be 
d e t e r m i n e d .  H o w e v e r , t h e  sam ples  a r e  u n l i k e l y  t o  r e p r e s e n t  e c o ty p e s  
( a  g r o u p  o f  o r g a n i s m s  from w i t h i n  a  l a r g e r  b i o t y p e  showing a 
g e n o t y p i c  r e s p o n s e  t o  a  p a r t i c u l a r  h a b i t a t , T u r r e s o n , 1922)  as  
c o n s i d e r a b l e  o v e r l a p  i n  fo rm i s  a c h a r a c t e r i s t i c  o f  t h e  s a m p le s .
Even i f  t h e  g ro u p s  do r e p r e s e n t  p o p u l a t i o n s  wh ich  were  g e n e t i c a l l y ,  
i s o l a t e d  by e c o lo g y  o r  a s  a l l o p a t r i c  p o p u l a t i o n s , t h e n  i s o l a t i o n  had 
n o t  o c c u r r e d  f o r  l o n g  enough t o  a l l o w  i d e n t i f i a b l e  m o r p h o l o g ic a l  
c h a r a c t e r i s t i c s  t o  become u n i q u e  t o  p a r t i c u l a r  s a m p le s .  E co types  and 
even  e c o s p e c i e s  ( e c o t y p i c  p o p u l a t i o n s , be tw een  which  gene f low  i s  
impeded t o  some e x t e n t , H e s l o p - H a r r i s o n , 1969)  a r e  d i f f i c u l t  t o  
r e c o g n i s e  i n  t h e  f o s s i l  r e c o r d , b u t  such  g r oups  may e x i s t  c l o s e  t o  
each  o t h e r  g i v e n  s u f f i c i e n t l y  s t r o n g  e n v i r o n m e n t a l  g r a d i e n t s .  
( H e s l o p - H a r r i s o n , 1 9 6 9 ) ,
Modern s p e c i e s  o f  e c h i n o i d s  a r e  known t o  o c c u r  i n  age  
d i f f e r e n t i a t e d  g ro u p s  w i t h  j u v e n i l e s  l i v i n g  f u r t h e r  f rom t h e  s h o r e
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t h a n  a d u l t s  ( M o o re ,1936;  N i c h o l s , 1962;  and E r n s t  & S e i b e r t z , 1 9 7  8 ) .  
D i f f e r e n c e s  i n  mean s i z e  be tween  t h e  sam ples  s t u d i e d  have  been  
r e c o g n i s e d , b u t  i t  i s  u n l i k e l y  t h a t  t h e  samples  r e p r e s e n t  m i g r a t o r y  
age  g r oups  w i t h i n  a s i n g l e , l a r g e  p o p u l a t i o n  f o r  two r e a s o n s .  F i r s t l y ,  
b e c a u s e  t h e r e  i s  no d i r e c t  c o r r e l a t i o n  between  s i z e  and n e a r n e s s  
t o  s h o r e  as  h e r e  i n t e r p r e t e d ,  (The Upware sample  c o n t a i n s  t h e  l a r g e s t  
i n d i v i d u a l s , a n d  a l t h o u g h  b e lo n g i n g  t o  a n  i s o l a t e d  r e e f  complex,  
i s  found  w i t h i n  a  low e n e rg y  m i c r i t i c  a l g a l  l i m e s t o n e  r a t h e r  t h a n  
a  h i g h  e n e rg y  n e a r - s h o r e  f a c i e s .  On t h e  o t h e r  h a n d , t h e  h i g h  e n e rg y  
n e a r  s h o r e  c a l c a r e o u s  s a n d s t o n e  of  C o t h i l l  c o n t a i n s  s m a l l  i n d i v i d u a l s , )  
S e c o n d l y , b e c a u s e  t h e  g r oups  show a l a r g e  s i z e  r a n g e  and can  o n l y  
be d i f f e r e n t i a t e d  on mean s i z e s , ( E a c h  sample  c o n t a i n s  a n o r m a l ly  
d i s t r i b u t e d  g r o u p  o f  i n d i v i d u a l s  w i t h  v e r y  s m a l l  and v e r y  l a r g e  
s p e c i m e n s . )  M u l t i v a r i a t e  c o m p a r i s o n s  be tw een  t h e  g ro u p s  a l s o  show 
t h a t  d i f f e r e n c e s  o c c u r  i n d e p e n d e n t  o f  s i z e  ( e . g . f i g , 5 , 5 ) ,  Specimens 
o f  t h e  same s i z e  w i t h i n  t h e  d i f f e r e n t  g r oups  show r e a l  d i f f e r e n c e s  
i n  t h e  s i z e  and p o s i t i o n  o f  t h e  p e r i p r o c t  and i n  t h e  l e n g t h  o f  t h e  
a n a l  s u l c u s , w h i c h  a r e  h i g h l y  c o r r e l a t e d  w i t h  d i f f e r e n c e s  i n  t h e  
e n c l o s i n g  s e d im e n t  ( f i g . 5 , 1 2 ) ,  The d i f f e r e n c e s  be tw een  g r oups  a r e  
n o t , t h e r e f o r e , a  f u n c t i o n  o f  a l l o m e t r i c  growth  be tw een  age  grouped  
s a m p l e s .
I t  i s  p o s s i b l e  t h a t  N . s c u t a t u s  shows p h e n o t y p i c  v a r i a t i o n  
i n  r e s p o n s e  t o  l o c a l  e n v i r o n m e n t a l  f a c t o r s  and t h a t  t h e  samples  
r e p r e s e n t  ecads  ( fo rm s  showing a d a p t a t i o n  t o  a  p a r t i c u l a r  h a b i t a t  
i n  which  t h e  a d a p t i v e  c h a r a c t e r s  a r e  n o t  g e n e t i c a l l y  d e t e r m i n e d  
b u t  a r e  imposed by e n v i r o n m e n t a l  a g e n c i e s , T u r r e s o n , 1 9 2 2 ) ,  Each 
sam ple  shows a d a p t a t i o n s  t o  a  p a r t i c u l a r  h a b i t a t  i n  t h a t  t h e  p e r i p r o c t  
and s u l c u s  v a r y  i n  d i r e c t  r e l a t i o n s h i p  w i t h  s e d im e n t  s i z e , , T h e s e  
a d a p t i v e  f e a t u r e s  a r e  i n t e r p r e t e d  h e r e  a s  p h e n o t y p i c  r e s p o n s e s  
t o  t h e  e n v i r o n m e n t  b e c a u s e  o f  t h e  v e r y  s t r o n g  c o r r e l a t i o n  be tween
305
p e r i p r o c t  morphology and se d im e n t  g r a i n  s i z e .  I t  i s  e n v i s a g e d  t h a t  
each  l o c a l  p o p u l a t i o n  unde rw en t  s o m a t i c  a d a p t a t i o n  t o  a p a r t i c u l a r  
e n v i r o n m e n t  r e s u l t i n g  i n  d i s t i n c t  b u t  c o n t i n u o u s  phe n o ty p e s  w i t h i n  
t h e  s p e c i e s ,  N , s c u t a t u s  shows p l a s t i c i t y  o f  fo rm i n  r e l a t i o n  t o  
s u b s t r a t e  c o n d i t i o n s .  As so  much o v e r l a p  i n  fo rm o c c u r s , t h e n  i t  
i s  p r o b a b l e  t h a t  t h e  samples  b e lo n g  t o  a s i n g l e  b i o t y p e  ( a  c o l l e c t i o n  
o f  i n d i v i d u a l s  which  a r e  g e n o t y p i c a l l y  a l l  e s s e n t i a l l y  t h e  same) and 
t h a t  one taxonom ic  s p e c i e s  c o v e r s  t h e  t o t a l  r a n g e  o f  v a r i a t i o n .
The h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  be tw een  p e r i p r o c t  s i z e  
and s e d im e n t  p a r t i c l e  s i z e  s u g g e s t  a  g r a i n  i n g e s t i n g  h a b i t  i f o r  
N . s c u t a t u s . I n  g e n e r a l  m orpho logy a n d , t h e r e f o r e , p r o b a b l y  h a b i t  and 
h a b i t a t , N , s c u t a t u s  c l o s e l y  r e s e m b l e s  t h e  R e c e n t  Apa topygus  r e c e n s  , 
Both a r e  a b u n d a n t l y  a s s o c i a t e d  w i t h  a  c o a r s e  s u b s t r a t e ,  A . r e c e n s  
bur rows  c o m p l e t e l y , t h o u g h  s h a l l o w l y , i n  a  c o a r s e  s e d im e n t  and i n j e s t s  
s u b s t r a t e  g r a i n s  f o r  fo o d  ( H i g g i n s , 1 9 7 4 ) ,  From i t s  s i m i l a r  form and 
f a c i e s  a s s o c i a t i o n  i t  i s  p r o b a b l e  t h a t  N . s c u t a t u s  d i d  l i k e w i s e ,
A l a r g e  p e r i p r o c t  would be r e q u i r e d  t o  d e f e c a t e  l a r g e  s u b s t r a t e  
g r a i n s ;  a  s m a l l  p e r i p r o c t  would s e r v e  t o  d e f e c a t e  s m a l l  g r a i n s j
The b u r row ing  and f e e d i n g  b e h a v i o u r  o f  A . r e c e n s  have been  
d e s c r i b e d  by H i g g i n s  (1974)  who n o t e s  t h a t  t h e r e  i s  no c o n n e c t i o n  
be tw een  t h e  u r c h i n  and t h e  o v e r l y i n g  s e a  w a t e r  column by way o f  a  
r e s p i r a t o r y  bur row and t h a t  i t  becomes c o m p l e t e l y  embedded i n  t h e  
s u b s t r a t e  t o  a  d e p t h  o f  a b o u t  3cm. He s u g g e s t s  t h a t  r e s p i r a t i o n  
i s  m a i n t a i n e d  t h r o u g h  t h e  i n t e r s t i t i a l  w a t e r  o f  t h e  r e l a t i v e l y  
p o r o u s , c o a r s e  g r a i n e d  s u b s t r a t e .  H i g g i n s  (1974 )  a l s o  n o t e s  t h a t  t h e  
f e e d i n g  a c t i v i t y  o f  A . r e c e n s  i s  s e l e c t i v e  i n  t h a t  l a r g e  p a r t i c l e s  
w i l l  n o t  be i n j e s t e d .  H igg in s*  r e c o r d e d  o b s e r v a t i o n s  on t h e  
maximum s i z e  o f  i n g e s t e d  p a r t i c l e s  c o r r e s p o n d  c l o s e l y  t o  t h e  a v e r a g e  
p e r i p r o c t  s i z e  f o r  spec im ens  o f  A . r e c e n s  used  i n  t h e  p r e s e n t  s t u d y .
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A n o th e r  l i m i t i n g  f a c t o r  on maximum g r a i n  s i z e  i n j e s t i o n  may be t h e  
s t i c k i n e s s  o f  t h e  mucous o f  t h e  t u b e - f e e t  r e l a t e d  t o  t h e  w e i g h t  
o f  t h e  p a r t i c l e s  a s  s u g g e s t e d  by N i c h o l s  (19 5 9 )  f o r  modern s p a t a n g o i d s .  
N . s c u t a t u s , l i k e  i t s  m o r p h o l o g i c a l l y  s i m i l a r  l i v i n g  d e s c e n d a n t  
A. r e c e n s , p r o b a b l y  d e r i v e d  food  from o r g a n i c  m a t e r i a l s  a d h e r i n g  t o  
i n d i v i d u a l  s e d im e n t  p a r t i c l e s .  The h i g h  o r g a n i c  c o n t e n t  o f  t h e  mud 
c o a t e d  o o l i t i c  g r a i n s  ( B a t h u r s t , 1 9 7 5 : 8 0 )  found  i n  a s s o c i a t i o n  w i t h  
N . s c u t a t u s  may have  been  a b l e  t o  f u l f i l '  t h i s  n u t r i t i o n a l  r e q u i r e m e n t .  
F u r t h e r m o r e , t h e  u s u a l l y  e x c e l l e n t  p r e s e r v a t i o n  of  t h i s  t h i n  s h e l l e d  
e c h i n o i d  i n  m o b i l e  o o l i t i c  e n v i r o n m e n t s  s u g g e s t  t h a t  i t  was a b l e  
t o  bur row c o m p l e t e l y  w i t h i n  t h e  s u b s t r a t e  away from t h e  a r e a  o f  
maximum s e d im e n t  a c t i v i t y  a t  t h e  s u r f a c e .  The a b s e n c e  o f  s p e c i a l i s t  
bu r ro w in g  o r g a n s  does n o t  n e g a t e  t h i s  h y p o t h e s i s . ( c . f . R o s e , 1 9 7 8 ) .
Many o t h e r  r e c e n t  c a s s i d u l o i d s  a l s o  i n h a b i t  c o a r s e  s u b s t r a t e s  
and m a i n t a i n  a g r a i n  i n v e s t i n g  h a b i t  ( M o r t e n s e n , 1 9 4 8 ) . A g a s s i z  
( 1 8 7 3 : 5 5 5 )  s t a t e s  t h a t  Rhyncholampas p a c i f i c u s  bur rows o n l y  t o  t h e  
a b o r a l  e x t r e m i t i e s  o f  i t s  p e t a l s .  H ig g in s  (1974)  s u g g e s t s  t h a t  i n  
c a s e s  where  c a s s i d u l o i d s  occupy h a b i t a t s  i n s u f f i c i e n t l y  c o a r s e  t o  
m a i n t a i n  an  a d e q u a t e  w a t e r  f lo w  a p a r t i a l  bu r row ing  h a b i t  may be 
a d o p t e d .  T h i s  may in d e e d  ha v e  been  t h e  c a s e  f o r  p o p u l a t i o n s  o f  
N. s c u t a t u s  o c c u p y in g  muddy e n v i r o n m e n t s  such  a s  t h a t  a t  Bran P o i n t . '  
F u r t h e r m o r e , o x y g e n  d e p l e t i o n  w i t h i n  t h i s  p a r t i c u l a r  f i n e  g r a i n e d  
s e d im e n t  may a l s o  a c c o u n t  f o r  t h e  s m a l l e r  spec im en  s i z e s .
S u p p o r t i n g  e v i d e n c e  f o r  t h i s  i n t e r p r e t a t i o n  may be d e r i v e d
from t h e  work o f  Buchanan ( 1 9 6 6 ) , who h a s  shown a l s o  t h a t  p o p u l a t i o n s
o f  t h e  r e c e n t  s p a t a n g o i d  E c h inoca rd ium  c orda tum  a r e  s m a l l e r , g r o w
a t  a s l o w e r  r a t e  and burrow t o  a s h a l l o w e r  d e p t h  i n  s i l t y  a s  opposed
t o  c l e a n  sandy  s u b s t r a t e s .  The s i z e  d i f f e r e n t i a t i o n  between  t h e
two p o p u l a t i o n s  s t u d i e d  by Buchanan (1966 )  l i v i n g  w i t h i n  d i f f e r e n t  
s u b s t r a t e s  i s  com parab le  t o  s i z e  d i f f e r e n c e s  o b s e rv e d  between  t h e
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sam ples  o f  N . s c u t a t u s . A c l o s e  a s s o c i a t i o n  be tw een  p o p u l a t i o n s  
o f  e c h i n o i d s  and p a r t i c u l a r  s u b s t r a t e  p a r t i c l e  s i z e  has  been o b s e rv e d  
by Lawrence & F e r b e r  (1971)  i n  t h e  r e c e n t  s p a t a n g o i d  Loven ia  e l o n g a t e .
N i c h o l s , ( 1 9 5 9 , 1 9 6 2 )  has  no ted  t h a t  t h e  p e r i p r o c t a l  o rg an s  
o f  a l l  B r i t i s h  bu r ro w in g  e c h i n o i d s  a r e  g r e a t l y  a f f e c t e d  by t h e  
t y p e  o f  s u b s t r a t e .  N ic h o l s  (1962)  s t u d i e d  c o n s p e c i f i c  p o p u l a t i o n s  
o f  E . c o rd a tu m  i n  which d i f f e r e n c e s  o c c u r  i n  t h e  s h a p e  o f  t h e  
s u b - a n a l  f a s c i c l e .  N i c h o l s  i n t e r p r e t e d  t h i s  phenomenon as  an  a d a p t a t i o n  
by each  l o c a l  p o p u l a t i o n  t o  t h e  b u i l d i n g  o f  a s a n i t a r y  d r a i n  o f  
a n  optimum s h a p e  a c c o r d i n g  t o  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  p a r t i c u l a r  
s e d im e n t  t y p e .  N i c h o l s  c o n c lu d e d  t h a t  e i t h e r  g e n e t i c  o r  e n v i r o n m e n t a l  
f a c t o r s  c o u ld  p r o d u c e  such  d i f f e r e n c e s .  S to k e s  (1976 )  a l s o  used  t h e  
p e r i p r o c t  t o  d i s t i n g u i s h  be tw een  s y m p a t r i c  s p e c i e s  o f  M i c r a s t e r .
I n  t h i s  c a s e  t h e  h e i g h t  o f  t h e  p e r i p r o c t  above  t h e  a d o r a i  s u r f a c e  
was u s e d .
S i m i l a r  i n v e s t i g a t i o n  o f  m o r p h o l o g i c a l  v a r i a b i l i t y  w i t h i n  
s p e c i e s  o f  b r a c h i o p o d s  have  been  made ( e . g .  D u b o i s , 1916;  McKerrow,1954; 
and A l e x a n d e r , 1975) ,  Dubois  (19 1 6 )  d e m o n s t r a t e d  t h e  p l a s t i c i t y  
o f  l i v i n g  t e r e b r a t u l i d s ^  Normal ly  t e a r - s h a p e d  spec im ens  d e ve lope d  
a  g ib b o u s  geom et ry  when t r a n s p l a n t e d  i n t o  a  more a g i t a t e d  e n v i r o n m e n t ,  
McKerrow (1953 )  showed d i s t i n c t i v e  m o r p h o l o g i c a l  v a r i a b i l i t y  
w i t h i n  t h e  J u r a s s i c  t e r e b r a t e l l i d s  O r n i t h e l l a  and R u g i t e l a  
a l o n g  t h e  l e n g t h  o f  o u t c r o p  o f  t h e  E n g l i s h  F u l l e r s  E a r t h  Rock,
L a t e r a l  changes  i n  v a r i a t i o n  o f  t h e  b r a c h i o p o d s  were  i n t e r p r e t a t e d  
t o  r e f l e c t  r e g i o n a l  changes  i n  e n v i r o n m e n t .  A le x a n d e r  ( 1 9 7 5 ) , i n  a 
s t u d y  o f  t h e  O r d o v i c i a n  s t r o p h o m e n id  R a f i n e s q u i n a  a l t e r n a t a , d e m o n s t r a t e d  
d i s t i n c t i v e  p h e n o t y p i c  p l a s t i c i t y  r e l a t e d  t o  s e d i m e n t o l o g i c a l  
r e g i m e s .  R e l a t i o n s h i p  o f  b e t h o n i c  o rg an i sm s  t o  t h e i r  s u b s t r a t e  
i s  t h e r e f o r e  w e l l  e s t a b l i s h e d .  The n a t u r e  o f  t h e  s u b s t r a t e  p l ay e d
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an important r o le  in  the ecology and e v o lu t io n  of the marine benthos,
N . s c u t a t u s  r e s p o n d e d  t o  d i f f e r e n t  s u b s t r a t e s  i n  a s i m i l a r
A.
manner  t o  modern bu r ro w in g  e c h i n o i d s , s u c h  a s  s p a t ^ g o i d s  and t h e  
c l o s e l y  r e l a t e d  c a s s i d u l o i d  A . r e c e n s . P o s s i b l e  e x p l a n a t i o n s  o f  
t h e  i n f r a s p e c i f i c  v a r i a t i o n  s t u d i e d  w i t h i n  N . s c u t a t u s  a r e  t h a t  i t  
c o u ld  be e i t h e r  g e n e t i c a l l y  o r  e n v i r o n m e n t a l l y  c o n t r o l l e d .  N i c h o l s  
(1962 )  s t a t e s  t h a t  i n  t h e  c a s e  o f  t h e  f o rm e r  f a c t o r  i t  i s  assumed 
t h a t  t h e  r a n g e  o f  v a r i a t i o n  i n  p rogeny  of  any  p o p u l a t i o n  e x te n d s  
t o  t h e  l i m i t s  d i s p l a y e d  by any  p o p u l a t i o n .  Observed  d i f f e r e n c e s  i n  
a d u l t  p o p u l a t i o n s  a r e  t h e n  a  r e s u l t  o f  d i f f e r e n t  s e l e c t i o n  f o r c e s  
a t  work a s  t h e  e c h i n o i d s  grow.  H o w e v e r , t h e r e  does  n o t  seem t o  be 
a  s i m i l a r l y  g r e a t  r a n g e  o f  v a r i a t i o n  w i t h i n  j u v e n i l e s  o f  N . s c u t a t u s  
a s  o b s e r v e d  by N i c h o l s  i n  s am ples  o f  E . c o r d a t u m .
The a l t e r n a t i v e  e n v i r o n m e n t a l  e x p l a n a t i o n  o f f e r e d  by N ic h o l s  
(19 6 2 )  f o r  E , c o r d a t u m  seems t o  be p a r t i c u l a r l y  a p p r o p r i a t e  t o  t h e  
o b s e rv e d  d i f f e r e n c e s  w i t h i n  N . s c u t a t u s . " I f  t h e  d i f f e r e n c e s  a r e  
e n v i r o n m e n t a l , o n  t h e  o t h e r  h a n d , i t  s u g g e s t  t h a t  t h e  u r c h i n s , r e l a t i v e l y  
n o n - v a r i a b l e  i n  g e n e t i c  make-up ,becom e d i f f e r e n t l y  i n f l u e n c e d  i n  
each  l o c a l i t y  a t  an  e a r l y  age  i n  r e s p o n s e  t o  some f e a t u r e  i n  t h e  
s u b s t r a t u m , p o s s i b l y  p e r t a i n i n g  t o  i t s  p a r t i c l e  s i z e "  ( N i c h o l s , 1 9 6 2 : 1 1 8 ) .
10 B) Taxonomic i m p l i c a t i o n  o f  v a r i a t i o n  be tw een  s p e c i e s  o f  NUCLEOLITES 
W i t h in  t h e  a n a l y s i s  o f  t h e s e  n u c l e o l i t i d  e c h i n o i d s , t w o  
d i f f e r e n t  l e v e l s  o f  t axonomic  d i f f e r e n t i a t i o n  can be d i s t i n g u i s h e d  
th ro u g h '  t h e  u s e  o f  m u l t i v a r i a t e  t e c h n i q u e s .  Some g e n e r a l i s e d  s t a t e m e n t s  
can  be made a b o u t  t h e s e  g r a d e s  o f  d i s c r i m i n a t i o n .
The f i r s t  l e v e l  r e p r e s e n t s  g r a d e  o f  e v o l u t i o n  w i t h i n  a 
l i n e a g e .  I t  can  be c h a r a c t e r i s d  by t h e  com pa r i sons  o f  t h e  v a r i o u s  
sa m p le s  w i t h i n  N . s c u t a t u s  and A . r e c e n s , o r  be tw een  N . s c u t a t u s  and 
N . l a t i p o r u s ,a n d  N.woodwardi i  and N .a m p lu s . U s u a l l y  a b o u t  f i v e  t o
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n i n e  v a r i a b l e s  a r e  needed t o  d i s t i n g u i s h  be tw een  t h e  g roups  t h ro u g h  
t h e  u s e  o f  d i s c r i m i n a n t  f u n c t i o n s .  D i s c r i m i n a t i o n  be tween  samples  
i n v o l v e s  no more t h a n  t h e  e s t a b l i s h m e n t  o f  s i g n i f i c a n t  d i f f e r e n c e s  
be tw een  g roup  means .  There  i s  a lw ays  o v e r l a p  be tw een  g r o u p s , a l t h o u g h  
u s u a l l y  o c c u r r i n g  a t  a b o u t  t h e  l e v e l  o f  10% o f  spec im ens  b e in g  
c l a s s i f i e d  w r o n g ly  by p o s t e r i o r  p r o b a b i l i t y .  U s u a l l y  o n l y  up t o  50% 
o f  s pec im ens  ha v e  low p r o b a b i l i t i e s  (P < ITJ) o f  b e lo n g i n g  t o  o p p o s in g  
g r oups  .Comparisons  o f  r ed u c e d  m a jo r  a x e s  i n v o l v i n g  m easurem ents  
o f  t h e  g r o s s  m orphology  o f  t h e  t e s t , e . g .  v a r i a b l e  A ( l e n g t h  o f  t e s t ) ,  
r e v e a l  many s l o p e s  t o  be n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P > 5%),
N orm al ly  10 t o  13 from a  maximum t o t a l  o f  14 s l o p e s  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  be tw een  p a i r s  o f  g roups  ( e . g . f i g . 5 , 1 0 ) .  When i m p o r t a n t  
d i s c r i m i n a t i n g  v a r i a b l e s  a r e  u s e d , s u c h  a s  v a r i a b l e  L , t h e  number o f  
s l o p e s  shown n o t  t o  be s i g n i f i c a n t l y  d i f f e r e n t  d ro p s  t o  be tween  
6 and 9 s l o p e s .  P r i n c i p a l  components  and c l u s t e r  a n a l y s i s  a r e  u n a b l e  
t o  f a c i l i t a t e  s a t i s f a c t o r y  d i s c r i m i n a t i o n  be tw een  such  g r o u p s .  
Measurements  o f  t h e  p e r i p r o c t  a r e  i n v a r i a b l y  i m p o r t a n t  
d i s c r i m i n a t i n g  c h a r a c t e r s  i n  many a n a l y s e s .  F o r  e x a m p l e , v a r i a b l e s  I 
( t h e  v e r t i c a l  h e i g h t  o f  t h e  p e r i p r o c t )  and L ( h o r i z o n t a l  l e n g t h  o f  
t h e  p e r i p r o c t )  a r e  t h e  two most  i m p o r t a n t  v a r i a b l e s  i n  d i s t i n g u i s h i n g  
be tw een  sam ples  o f  N . s c u t a t u s . F u r t h e r m o r e , v a r i a b l e  I  i s  an  i m p o r t a n t  
d i s c r i m i n a t i n g  v a r i a b l e  i n  t h e  N . s c u t a t u s  -  N . l a t i p o r u s  c om par i sons  
a s  i t  i s  i n  t h e  N.woodward i i  -  N.amplus a n a l y s e s .  Comparisons o f  
r e d u c e d  m a j o r  axes  i n v o l v i n g  v a r i a b l e  L a l s o  p roduce  t h e  g r e a t e s t  
d e g r e e  o f  d i s s i m i l a r i t y  be tw een  g r o u p s .
The second  l e v e l  o f  taxonomic  d i f f e r e n t i a t i o n  r e p r e s e n t s  
d i s t i n c t i o n  o f  s e p a r a t e  l i n e a g e s .  I t  i s  e v i d e n t  f rom com par i sons  
be tw een  N . s c u t a t u s , N .a m p lu s , N . m i c r a u l u s , N . s u b q u a d r a t u s  and A . r e c e n s ,
A c o m p a r i s o n  o f  N . s c u t a t u s  w i t h  N . b u r g u n d i a e , N .e l o n g a t u s  and N . r o t u n d u s
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p r o d u c e s  s i m i l a r  r e s u l t s  bu t  t h e  a n a l y s e s  i n v o l v e  o n l y  a s m a l l  
number o f  s p e c i m e n s .  D i s c r i m i n a t i o n  o f  samples  i s  t o t a l l y  c o m p le te  
i n  t h e  m a j o r i t y  o f  t h e  a n a l y s e s .  Group means a r e  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  a f t e r  t h e  e n t r y  o f  o n l y  two o r  f o u r  v a r i a b l e s .  A l l  specie raens  
a r e  c l a s s i f i e d  a s  100% c h a r a c t e r i s t i c  o f  t h e i r  own g r o u p  by p o s t e r i o r  
p r o b a b i l i t y  and each spec im en  has  a v e r y  low p r o b a b i l i t y  (P < 1%) 
o f  b e lo n g i n g  t o  any  o p p o s in g  g r o u p .  Compari sons  o f  r e d u c e d  m a jo r  
ax e s  i n v o l v i n g  v a r i a b l e  A u s u a l l y  show t h a t  between  6 and 9 s l o p e s  
a r e  n o t  p roved  t o  be s i g n i f i c a n t l y  d i f f e r e n t  (P > 5%),w h i l s t  i n  
c o m p a r i s o n s  be tw een  i m p o r t a n t  d i s c r i m i n a t i n g  v a r i a b l e s  a l l  s l o p e s  
a r e  o f t e n  shown t o  be h i g h l y  s i g n i f i c a n t l y  d i f f e r e n t . ( P <  1%),
P r i n c i p a l  components  and c l u s t e r  a n a l y s i s  f a c i l i t a t e d  
d i s t i n c t i o n  be tw een  a l l  such  s p e c i e s .
B i o m e t r i c a l  a n a l y s e s  t h u s  r e v e a l  i n c o n s i s t e n c i e s  i n  t h e  l e v e l s  
o f  d i f f e r e n t i a t i o n  used  t o  d i s t i n g u i s h  be tw een  s p e c i e s  o f  N u c l e o l i t e s . 
I f  N . s c u t a t u s  and N . l a t i p o r u s  a r e  d e f i n e d  a s  s e p a r a t e  s p e c i e s  
t h e n  N .a m p lu s , N .m i c r a u lu s  and N . s u b q u a d r a t u s  c o u l d , w i t h  j u s t i f i c a t i o n ,  
be c o n s i d e r e d  t o  r e p r e s e n t  g e n e r a  o r  s u b g e n e r a  o f  N u c l e o l i t e s . 
C o n v e r s e l y , i f  N.amplus i s  c o n s i d e r e d  t o  be d i s t i n g u i s h e d  from 
N . s c u t a t u s  a t  t h e  s p e c i f i c  l e v e l , t h e n  N . l a t i p o r u s  s h o u ld  be t r e a t e d  
a s  a  s u b s p e c i e s  o f  N . s c u t a t u s , s i n c e  i t  i s  q u a n t i t a t i v e l y  l e s s  
d i s t i n c t .  To r a i s e  each  o f  t h e  c l e a r l y  d e f i n e d  s p e c i e s  o f  N u c l e o l i t e s , 
such  a s  N .a m p lu s , t o  t h e  r a n k  o f  subgenus  o r  genus  would be cumbersome 
and w i t h o u t  h i s t o r i c a l  p r e c e d e n t .
From a h i s t o r i c a l  v i e w p o i n t , i t  has  been  shown ( C h a p t e r  3A) 
t h a t  up t o  and i n c l u d i n g  W i l l i a n  Smith  ( S m i t h , 1 8 1 7 a , b )  t h e r e  was 
c o n s i d e r a b l e  c o n f u s i o n  c o n c e r n i n g  t h e  d i f f e r e n c e s  between  N . s c u t a t u s  
and N . l a t i p o r u s  ( s y n . N . c l u n i c u l a r i s ) , few p r e - L i n n e a n  a u t h o r s  
d i s t i n g u i s h i n g  be tw een  t h e  two f o r m s .  T h i s  u n c e r t a i n t y  c o n t i n u e d
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i n t o  t h e  t w e n t i e t h  c e n t u r y  ( e . g .  M o r t e n s e n ,1 9 4 8 ;  K i e r , 1 9 6 2 ) ,  and 
i s  c l e a r l y  a  f u n c t i o n  o f  t h e  c l o s e  s i m i l a r i t y  be tween  t h e  two fo rm s .
On p u r e l y  b i o m e t r i c a l  g rounds  N . l a t i p o r u s  c a n n o t  be c o n s i d e r e d  to  
be more t h a n  a  s u b s p e c i e s  o f  N . s c u t a t u s ,and  i t  can  be a rgued  t h a t  
d i f f e r e n c e s  may n o t  even  be o f  t h i s  o r d e r .  S i m i l a r l y , N.woodwardi i  
c o u ld  be l o w e re d  t o  t h e  r a n k  o f  s u b s p e c i e s  o f  N .a m p lu s .
Th i s  p r o c e d u r e  may a p p e a r  c l u m s y , p a r t i c u l a r l y  s i n c e  t h e  
c l o s e  m o r p h o l o g i c a l  s i m i l a r i t y  be tween  N . l a t i p o r u s  and N . s c u t a t u s  
p r o b a b l y  r e p r e s e n t s  an  a n c e s t o r  -  d e s c e n d a n t  r e l a t i o n s h i p .  The g roups  
c a n ,  t h e r e f o r e , b e  c o n s i d e r e d  a s  c h r o n o s p e c i e s  ( V a l e n t i n e , 197 3 :4 1 )  
r a t h e r  t h a n  as  s u b s p e c i e s .  A c h r o n o s p e c i e s  " h a s  w h a t e v e r  ( s t r a t i g r a p h i e )  
r a n g e  c o n v e n t i o n a l  a g re e m e n t  i s  p r e p a r e d  t o  g i v e  i t "  ( G e o r g e , 1 9 5 6 : 1 2 9 ) ,  
and t h e  form o f  any  i n d i v i d u a l  i s  no g u i d e  t o  i t s  p l a c e  i n  t h e  l i n e a g e ,  
N . l a t i p o r u s  c a n , t h e r e f o r e , b e  d e f i n e d  as  spec im ens  t h a t  a r e  
m o r p h o l o g i c a l l y  s i m i l a r  t o  N . s c u t a t u s  o c c u r r i n g  i n  t h e  m id d le  J u r a s s i c  
( A a l e n i a n  t o  C a l l o v i a n  a s  d e f i n e d  by H a l l a m , 1 9 7 5 : 1 4 )  w h i l s t  N . s c u t a t u s  
i s  r e s t r i c t e d  t o  t h e  u p p e r  J u r a s s i c .  Th is  p r o c e d u r e  seems j u s t i f i e d  
a s  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  sample  means can  u s u a l l y  be J 
d e m o n s t r a t e d , a n d  y e t  no s i g n i f i c a n t  d i f f e r e n c e s  can  be proved between  
t h e  sam ples  o f  N . l a t i p o r u s  t h a t  o c c u r  i n  C a l l o v i a n , u p p e r  and m id d le  
B a th o n ia n  s t r a t a .  With t im e  t h e r e  i s  a g e n e r a l  t r e n d  f o r  spec imens  
from w i t h i n  t h e  l i n e a g e  t o  become w i d e r , f l a t t e r  and w i t h  a  t a l l e r  
p e r i p r o c t  l y i n g  h i g h e r  i n  t h e  s u l c u s .  The h i s t o r i c a l l y  v a l i d  s p e c i e s  
names N . l a t i p o r u s  and N , s c u t a t u s  a r e  b o th  m a i n t a i n e d  h e r e , b u t  to  
c h a r a c t e r i s e  c h r o n o s p e c i e s  r a t h e r  t h a n  b i o s p e c i e s  f o l l o w i n g  c o n v e n t i o n a l  
u s a g e  ( e . g .  A r k e l l , 1 9 3 3 ) .
A s i m i l a r  d e f i n i t i o n  can  be a p p l i e d  t o  t h e  m id d l e  J u r a s s i c  
N .w oodward i i  -  N.amplus p l e x u s , t h e  t a x o n  N.amplus b e in g  r e s t r i c t e d  
t o  C o r n b r a s h  s p e c i m e n s , N.woodwardi i  t o  u p p e r  B a j o c i a n  to  m idd le  
B a t h o n ia n  s p e c i m e n s .  How ever ,a s  t h e  l i n e a g e  o n l y  a p p e a r s  t o  e x te n d
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t h e  l e n g t h  o f  a s t a g e , f r o m  t h e  topmos t  zone o f  t h e  B a j o c i a n  to  t h e  
to pm os t  zone o f  t h e  B a t h o n i a n , a  more d e t a i l e d  s t u d y  may r e v e a l  t h a t  
t h e r e  i s  no need t o  d i f f e r e n t i a t e  be tw een  t h e s e  fo rms  a t  t h e  s p e c i e s  
l e v e l .  I n  g e n e r a l  te rms  N.woodwardi i  p o s s e s s  a t a l l e r  p e r i p r o c t  
l y i n g  i n  a l o w e r  p o s i t i o n  w i t h i n  a s h o r t e r  s u l c u s  and t h e  a p i c a l  
sy s tem  i s  i n  a more c e n t r a l  p o s i t i o n .
F o l lo w in g  t h e  h i s t o r i c a l  C p o s t -L in n e a n )  t r a d i t i o n  o f  d i v i d i n g  
t h e  N . l a t i p o r u s  -  N . s c u t a t u s  p l e x u s  i n t o  two s p e c i e s , a n  a r b i t r a r y  
d i v i s i o n  can be made a t  t h e  C a l l o v i a n  -  O x f o r d i a n  bounda ry .  The 
o v e r a l l  d i f f e r e n c e s  be tw een  t h e  c h r o n o s p e c i e s  a r e  n o t  t h e  same a s  
t h e  d i f f e r e n c e s  w i t h i n  t h e  N . s c u t a t u s  samples  based  on s e d im e n t  
d e p e n d e n t  c h a r a c t e r s .  N e i t h e r  a r e  t h e y  t h e  same a s  t h e  o v e r a l l  t im e  
d e p e n d e n t  c h a r a c t e r s  r e c o g n i s e d  t h r o u g h o u t  t h e  g e n u s .  Ye t  w i t h i n  
t h e  N.amplus -  N .woodwardi i  p l e x u s  t h e  two g roups  a r e  found w i t h i n  
s i m i l a r  p e l o i d a l  s e d i m e n t s  and a  c l o s e  s i m i l a r i t y  i n  t h e  a r e a  o f  t h e  
p e r i p r o c t  i s  e v i d e n t .  The movement o f  t h e  a p i c a l  sy s tem  towards  t h e  
a n t e r i o r  i s  a n  e v o l u t i o n a r y  t r e n d  a s  d e f i n e d  i n  10 C,
I t  i s  t h e r e f o r e  c o nc lude d  t h a t  t h e  s p e c i e s  N . s c u t a t u s , N .a m p lus ,
N . e l o n g a t u s , N . b u r g u n d i a e , N . m i c r a u l u s , N . s u b q u a d r a t u s  and N . r o t u n d u s  
a r e  a l l  m o r p h o l o g i c a l l y  d i s t i n c t  w h i l s t  N . l a t i p o r u s  and N.woodwardi i  
a r e  c h r o n o s p e c i e s  o f  t h e  f / c f ^  two s p e c i e s  r e s p e c t i v e l y .
The a d o p t i o n  o f  such  a s o l u t i o n  i s  a r e v e r s a l  o f  normal 
p a l a e o n t o l o g i c a l  a ims i n  t h a t  s t r a t i g r a p h y  has  been  used  t o  d e f i n e  
s p e c i e s  r a t h e r  t h a n  s p e c i e s  s t r a t a .  I t  i s  a l s o  t h e  c a s e  t h a t  i f  a 
h y p o t h e t i c a l  sample  w i t h  t h e  e x a c t  c h a r a c t e r i s t i c s  o f , s a y , t h e  
S t r a t t o n  Aud ley  sample  o f  N . l a t i p o r u s  was found  i n  t h e  C o r a i l i a n  t h e n  
j u s t i f i a b l y  t h e  name N . s c u t a t u s  would be a p p l i e d .  F i g u r e  6 ,7  d e m o n s t r a t e s  
t h a t  s am ples  o f  N . l a t i p o r u s  f a l l  w i t h i n  t h e  m o r p h o l o g i c a l  r a n g e  
o f  N . s c u t a t u s  and a d i v i s i o n  be tw een  t h e  two c a n  o n l y  be made on
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s t r a t i g r a p h i c a l  g r o u n d s .  T h i s  s e e m s , h o w e v e r , t o  be a more r a t i o n a l  
s o l u t i o n  i n  view of  t h e  a l t e r n a t i v e  u s e  o f  s u b s p e c i e s  and t h e  a b o l i t i o n  
o f  a w e l l  u s e d , a l b e i t  s u b j e c t i v e , d i v i s i o n  o f  s p e c i e s .
The a r b i t r a r y  s t r a t i g r a p h i e  d i v i s i o n  does  l e a d  t o  c e r t a i n  
a p p a r e n t  a n o m a l i e s .  Fo r  e x a m p l e , t h e  l o w e r  O x f o r d i a n  spec im en  V45 
from V i l l e r s - 1 e - T o u r n e u r  ( s e e  C h a p t e r  7E :7) must  by d e f i n i t i o n  be 
a s s i g n e d  to  N . s c u t a t u s  a l t h o u g h  by p o s t e r i o r  p r o b a b i l i t y  i t  most  
r e s e m b le d  t h e  N . l a t i p o r u s  sample  o f  S t r a t t o n  A u d le y .  M o r e o v e r , t h e  
M a ha la nob is  d i s t a n c e  r e v e a l s  t h a t  i t  had a low p r o b a b i l i t y  o f  
b e l o n g i n g  t o  any o f  t h e  g roups  sampled .  T h i s  c h a r a c t e r i s t i c  has  been  
e n c o u n t e r e d  i n  p r e v i o u s  a n a l y s e s  and seems to  be w i t h i n  t h e  r a n g e  
o f  v a r i a t i o n  o f  spec im ens  known t o  b e lo n g  t o  N . s c u t a t u s  and 
N . l a t i p o r u s . T h e r e f o r e , i n  t h i s  c a s e , a s  w i t h  some spec im ens  from w i t h i n  
a l l  N . s c u t a t u s  s a m p l e s , t h e  b i o m e t r i c a l  c o n c l u s i o n  t h a t  spec im ens  . 
b e lo n g  t o  t h e  s p e c i e s  N . l a t i p o r u s  mus t  be o v e r r u l e d  i n  t h e  l i g h t  
o f  g e o l o g i c a l  e v id e n c e  and p l a c e d  w i t h i n  N , s c u t a t u s .
U s in g  p u r e l y  q u a n t i t a t i v e  d a t a  A. r e c e n s  would be p l a c e d ,  
a s  i n d e e d  i t  was f i r s t  d e s c r i b e d , w i t h i n  t h e  genus N u c l e o l i t e s . I t  
i s  o n l y  a s  d i f f e r e n t  f rom t h e  t y p e  s p e c i e s  a s  t h e  o t h e r  s p e c i e s  s t u d i e d  
i n  t h e  p r e s e n t  work d e s p i t e  t h e  l a r g e r  t im e  gap  i n v o l v e d .  I t  i s  
d i s t i n g u i s h e d  on t h e  b a s i s  o f  two c h a r a c t e r s  i n  a l l  a n a l y s e s .  However, '  
a  s i n g l e  c h a r a c t e r , t h e  p r e s e n c e  o f  s i n g l e  p o r e s  i n  a m b u l a c r a l  p l a t e s ,  
beyond t h e  p e t a l s , d i s t i n g u i s h e s  i t  f rom a l l  o t h e r  s p e c i e s  w i t h i n  t h e  
g e n u s .  On t h i s  s i n g l e , t i m e  d e p e n d e n t  c h a r a c t e r  o f  g r e a t  e v o l u t i o n a r y  
s i g n i f i c a n c e  ( K i e r , 1 9 6 2 ; ) , a  n o n - o v e r l a p p i n g , o b j e c t i v e , n o n - a r b i t a r y  
d i v i s i o n  can  be made be tw een  N . s c u t a t u s  and A . r e c e n s  which  i s  r; 
c o n s i d e r e d  t o  be o f  g r e a t e r  i m p o r t a n c e  t h a n  t h e  s im p l e  m o r p h o l o g ic a l  
d i s t i n c t i v e n e s s  o f  o t h e r  s p e c i e s  o f  N u c l e o l i t e s . The re  s e e m s , t h e r e f o r e ,  
ample j u s t i f i c a t i o n  f o r  t h e  m a i n t e n a n c e  o f  t h e  two g e n e r a  on t h i s
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s i n g l e  c h a r a c t e r  a l t h o u g h  f u t u r e  work may r e v e a l  t r a n s i t o r y  g roups  
be tw een  t h e  two g e n e r a  p o s s e s s i n g  s i n g l e  and d o u b l e  po res  i n  t h e  
p h y l l o d e s .
The r e t e n t i o n  o f  a s e p a r a t e , m o n o g e n e r i c  f a m i l y  f o r  Apatopygus 
( s e n s u  K i e r , 1 9 6 2 )  however  seems u n j u s t i f i e d .  A c l o s e  m o p h o lo g ic a l  
s i m i l a r i t y  be tw een  Apa topygus  and N u c l e o l i t e s  has  been d e m o n s t r a t e d  
a s  h a s  a p r o b a b l e  s i m i l a r  h a b i t  and h a b i t a t  f o r  t h e  two t y p e  s p e c i e s .  
C e r t a i n  o t h e r  c r i t e r i a  f o r  d i v i d i n g  t h e  f a m i l i e s  have  s i n c e  been  
shown t o  be u n w a r r a n t e d , e . g .  t h e  s u p e r f i c i a l l y  monobasal  a p i c a l  
sys te m  o f  Apatopygus  ( K i e r , 1 9 7 4 ) .  F u r t h e r m o r e , K i e r  ( 1 9 6 2 ,1 9 6 6 )  
i n c l u d e s  one g e n u s , O o l o p y g u s ,w i t h i n  t h e  N u c l e o l i t i d a e  which a l s o  
p o s s e s s e s  s i n g l e  po red  p h y l l o d e s . T h e r e f o r e , t h e r e  seems no g r e a t  need 
o r  j u s t i f i c a t i o n  f o r  e x c l u d i n g  A p a to p y g u s .
I t  i s  p r opose d  t h a t  t h e  f a m i l y  A p a to p y g id a e  K i e r , 1 9 6 2 , i n  
t h e  a b s e n c e  o f  any  f i r m  d a t a  t o  t h e  c o n t r a r y , b e  a b o l i s h e d  and 
Apa topygus  be r e s t o r e d  a s  t h e  o n l y  e x t a n t  member o f  t h e  N u c l e o l i t i d a e  
A g a s s i z  and D e s o r ,1 8 4 7 ,
10 C) The e v o l u t i o n a r y  s i g n i f i c a n c e  o f  v a r i a t i o n  w i t h i n  t h e  genus
NUCLEOLITES
I t  h a s  been  d e m o n s t r a t e d  ( e . g . C h a p t e r s  7G,8D and 9E) t h a t  
c e r t a i n  m e t r i c  changes  i n  t h e  t e s t  d i m e n s io n s  o f  s p e c i e s  o f  N u c l e o l i t e s  
a r e  h i g h l y  c o r r e l a t e d  w i t h  t i m e .  I t  h a s  a l s o  beencfe<flonstrated t h a t  
c hanges  i n  t h e s e  c h a r a c t e r s  a r e  u s u a l l y  u n c o r r e l a t e d  w i t h  o t h e r  
t e s t  d i m e n s io n s  o r  r e c o g n i s a b l e  p a l a e o e n v i r o n r a e n t a l  changes  and 
t h a t  some changes  i n  t e s t  c h a r a c t e r i s t i c s  a r e  c o m p l e t e l y  i n d e p e n d e n t  
o f  t im e .
F o r  example f i g , 7 ,2 0  i s  a  c a n o n i c a l  v a r i a t e  p l o t  o f  t h e  
i m p o r t a n t  J u r a s s i c  s p e c i e s  s t u d i e d .  I t  r e p r e s e n t s  o v e r  92% o f  t o t a l
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d i s p e r s i o n .  The age  o f  t h e  sample  d e c r e a s e s  f rom t h e  B a th o n ia n  a t  
t h e  t o p  r i g h t  t o  t h e  O x f o r d i a n  a t  bo t tom l e f t .  The l e n g t h  o f  t h e  a n a l  
s u l c u s , J , i s  c o r r e l a t e d  w i t h  t h i s  v e c t o r  so t h a t  d e c r e a s e  i n  age  
c o r r e s p o n d s  t o  d e c r e a s e  i n  J ,  H o w e v e r , t h e  w i d t h  o f  t h e  t e s t , B ,  
cha nges  a l o n g  a  v e c t o r  a t  r i g h t  a n g l e s  t o  t h e  age  v e c t o r .  W i th in  t h e  
C o r n b r a s h  t h e r e  a r e  e l o n g a t e  ( N . e l o n g a t u s ) and r o u n d e d ( N ,am plu s ) 
s p e c i e s , a n d  a g a i n  i n  t h e  O x f o r d i a n  t h e r e  a r e  e l o n g a t e  ( N . m i c r a u l u s ) 
and rounded  ( N . s c u t a t u s ) f o rm s .  E l o n g a t i o n , t h e r e f o r e , o c c u r s  i n d e p e n d e n t l y  
o f  a g e .  Two o t h e r  v e c t o r s , o r t h o g o n a l  to  each  o t h e r , c a n  a l s o  be 
d e t e r m i n e d .  One i s  composed m a i n ly  o f  L , t h e  l e n g t h  o f  t h e  p e r i p r o c t ,  
and t h e  o t h e r  o f  C ( h e i g h t  o f  t e s t ) , I  ( h e i g h t  o f  p e r i p r o c t )  and an  
i n v e r s e  N1 ( d i s t a n c e  be tw een  a p i c a l  d i s c  and p e r i p r o c t ) .  Th is  i n d i c a t e s  
t h a t  C and I  d e c r e c u e a s  N1 I n c r e a s e s  and t h a t  t h e s e  changes  a r e  
i n d e p e n d e n t  o f  changes  i n  t h e  l e n g t h  o f  t h e  p e r i p r o c t .  Th i s  i s  an  
i n t e r e s t i n g  o b s e r v a t i o n  a s  i t  h a s  been demons t r a t e d  t h a t  t h e  a r e a  
o f  t h e  p e r i p r o c t , c a l c u l a t e d  f rom  L x  I ,  i s  c o r r e l a t e d  w i t h  s u b s t r a t e  
g r a i n  s i z e  i n  some s p e c i e s , e . g .  w i t h i n  N . s c u t a t u s  ( S c u r r y , 1978)  and 
p r o b a b l y  w i t h i n  N .a m p lu s , N . e l o n g a t u s  and N .m i c r a u lu s  ( s e e  C h a p t e r  7G),
The c a n o n i c a l  p l o t  s u g g e s t s  t h a t  a l t h o u g h  a r e a  c o r r e l a t e s  c l o s e l y  
Twith g r a i n  s i z e , t h e  sha pe  o f  t h e  p e r i p r o c t  can  be h i g h l y  v a r i a b l e  
be tw een  s p e c i e s .  Fo r  e x a m p l e , t h e  h e i g h t  o f  t h e  p e r i p r o c t , I , c a n  be 
s m a l l e r  t h a n  L ( N . s c u t a t u s ) o r  much l a r g e r  ( N .am plus ) . However,  
t h e  o r t h o g o n a l i t y  o f  t h e  two v e c t o r s  i n d i c a t e s  t h a t  a s  N1 i n c r e a s e s  
t h e r e  i s  a  t e n d e n c y  f o r  t h e  p e r i p r o c t  t o  become s h a l l o w e r  i n  h e i g h t ,  
a s  i n  t h e  above  e x a m p l e ,b u t  t h a t  t h e  l e n g t h  o f  t h e  p e r i p r o c t , L ,  
v a r i e s  i n d e p e n d e n t l y  o f  Nl ,
I t  must  be n o t e d  t h a t  a l l  v e c t o r s  may n o t  be i n d e p e n d e n t  
o f  each  o t h e r  a s  each c a n o n i c a l  v a r i a t e  i s  n o t  n e c e s s a r i l y  o r t h o g o n a l  
t o  e v e r y  o t h e r  v a r i a t e  ( s e e  p. 110 ) .  T h e r e f o r e , t h e r e  i s  o n l y  a
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v e r y  g e n e r a l  t r e n d  f o r  Nl and L to  i n c r e a s e  and f o r  C and I  to  
d e c r e a s e  w i t h  t i m e , a n d  t h a t  t h i s  t r e n d  i s  n o t  c o n s t a n t  i n  manner .
For  e x a m p l e , i n  t h e  B a th o n ia n  N,amplus Nl and L a r e  s h o r t , C  and I 
l a r g e , w h i l s t  i n  t h e  O x f o r d i a n  N .m i c r a u lu s  L and I  a r e  s h o r t  and Nl 
and C a r e  l a r g e .  These  changes  a r e  n o t  r e g u l a r  o r  c o n s i s t e n t  
w i t h  t i m e .
D i f f e r e n t  p a t t e r n s  o f  d i s c r i m i n a t i o n  a r e  found w i t h i n  a 
p a r t i c u l a r  J u r a s s i c  s t a g e  where t h e  d i s t r i b u t i o n  o f  samples  w i t h  
t im e  i s  l i m i t e d .  For  e x a m p l e , f i g . 7 ,11  i s  a c a n o n i c a l  p l o t  o f  some 
B a t h o n ia n  samples  and r e p r e s e n t s  93% of  t o t a l  d i s p e r s i o n .  I n  t h i s
a n a l y s i s  M , the  p o s i t i o n  o f  t h e  a p i c a l  d i s c , i s  t h e  m a jo r  d i s c r i m i n a t i n g  
v a r i a b l e  f o l l o w e d  by N2 ( i n d e n t a t i o n  o f  p o s t e r i o r  b o r d e r ) , B  ( w i d th  
o f  t e s t )  and N l ,  The p l o t  i n d i c a t e s  a n  e l o n g a t i o n  v e c t o r  f rom 
bo t tom  l e f t  t o  t o p  r i g h t  and an o r t h o g o n a l  v e c t o r  composed m a i n ly  o f  
M. N e i t h e r  v e c t o r  i s , h o w e v e r , c o r r e l a t e d  w i t h  t i m e .  Two v e c t o r s  
p a r a l l e l  t o  t h e  a x e s  o f  t h e  g r a p h  a r e  composed o f  N2 ( p a r a l l e l  w i t h  
t h e  Y a x i s )  and J  and i n v e r s e  L ( p a r a l l e l  w i t h  t h e  X a x i s ) .  A s t a g e  
i s  t h e r e f o r e  t o o  s h o r t  a p e r i o d  i n  which t o  r e c o g n i s e  e v o l u t i o n a r y  
cha nge .
V a r i a b l e  Nl becomes i m p o r t a n t  o n l y  when t h e  t im e  e le m en t  i s  
e x te n d e d  as  i n  t h e  a n a l y s i s  d e s c r i b e d  on  p . 221 . Hence w i t h  t h e  
a d d i t i o n  o f  t h e  O x f o r d i a n  sample  o f  N . s c u t a t u s  f rom T r o u v i l l e  t o  
t h e  above  a n a l y s i s , N l  becomes t h e  second most  i m p o r t a n t  d i s c r i m i n a t i n g  
v a r i a b l e  a f t e r  M.
When t h e  t im e  e le m e n t  i s  e x te nde d  by i n c l u d i n g  C r e t a c e o u s
sam ples  a l s o  ( e . g . f i g . 8 , 9  and 8 , 1 0 ) , t h e  n a t u r e  o f  t h e  age  v e c t o r
changes  s l i g h t l y  and i s  now c l o s e l y  c o r r e l a t e d  w i t h  M and a s m a l l
w e i g h t i n g  o f  Nl .  Aga in  t h e  o r t h o g o n a l  v e c t o r  i s  composed m a in ly  o f
B , w h i l s t  t h e  o t h e r  two v e c t o r s  m en t ioned  aoove  c o r r e s p o n d  c l o s e l y  
t o  changes  i n  J  and L. The d i s t a n c e  o f  t h e  a p i c a l  d i s c  f rom t h e
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a n t e r i o r  o f  t h e  t e s t  d e c r e a s e s  c o n s t a n t l y  w i t h  t im e .  The l e n g t h  o f  
t h e  a n a l  s u l c u s  t e n d s  t o  d e c r e a s e  w i t h  t im e  b u t  t h e  l e n g t h  o f  t h e  
p e r i p r o c t  does  n o t .
The p r e d i c t a b i l i t y  o f  such p l o t s  i s  c o n f i r m a t i o n  t h a t  t h e  
v e c t o r s  can  be i n t e r p r e t e d  i n  t e rm s  o f  age  and e l o n g a t i o n  o f  s p e c i e s .  
Fo r  e x a m p l e , a s  e x p l a i n e d  i n  7G and 8 D , th e  p o s i t i o n  o f  t h e  young 
e l o n g a t e  N . s u b q u a d r a t u s  and t h e  younge r  rounded  N . r o t u n d u s  a r e  indee d  
p l a c e d  i n  e x p e c t e d  a r e a s  ( e . g . f i g . 8 , 9 )  w i t h  r e s p e c t  t o  t h e s e  two 
v e c t o r s .
With a  f u r t h e r  e x t e n s i o n  o f  t im e  t o  i n c l u d e  t h e  e x t a n t  
A . r e c e n s  a n o t h e r  change  i s  n o t e d  i n  c a n o n i c a l  v a r i a t e  a n a l y s i s .
A l th o u g h  A . r e c e n s  p l o t s  i n  a c o r r e c t  p o s i t i o n  a lo n g  t h e  age  v e c t o r ,  
t h e r e  i s  now no d i r e c t  c o r r e l a t i o n  w i t h  Nl .  W i t h i n  t h i s  e x t a n t  s p e c i e s  
t h e  d i s t a n c e  be tw een  t h e  a p i c a l  d i s c  and p e r i p r o c t  i s  a  s m a l l e r  
p r o p o r t i o n  o f  a b s o l u t e  s i z e  t h a n  i n  N . m i c r a u l u s , N . s u b q u a d r a t u s  o r  
N . r o t u n d u s . The age  v e c t o r  now more c l o s e l y  c o r r e s p o n d s  t o  d e c r e a s i n g  
v a l u e s  o f  M,as  e x p l a i n e d  i n  C h a p t e r  9E,
From t h e  f i n a l  a n a l y s i s  i n v o l v i n g  a l l  m a jo r  g roups  ( s e e  p . 297 ) 
i t  i s  e v i d e n t  t h a t  t h e  p o s i t i o n  o f  t h e  a p i c a l  d i s c  and p e r i p r o c t  
a r e  o f  p r im a r y  d i s c r i m i n a t i n g  i m p o r t a n c e .  V a r i a b l e s  J ,N1 and M 
a r e  e n t e r e d  a t  s t e p s  2 , 3  and 8 r e s p e c t i v e l y  i n  d i s c r i m i n a n t  f u n c t i o n  
a n a l y s i s , J  and Nl t h e m s e lv e s  v i r t u a l l y  d e f i n i n g  M f o r  a  g i v e n  
l e n g t h  o f  s pe c im en .
The mos t  i m p o r t a n t  v a r i a b l e  i n  d i s t i n g u i s h i n g  be tween  s p e c i e s  
i s , h o w e v e r ,L , a  v a r i a b l e  t h a t  h a s  a l s o  been found  t o  be o f  p r im a ry  
im p o r t a n c e  i n  d i s t i n g u i s h i n g  g roups  w i t h i n  s p e c i e s , f o r  example 
N . s c u t a t u s  ( C h a p t e r  5H),  As d i s c u s s e d  i n  t h a t  s e c t i o n , L  i s  p r o b a b l y  
a  f a c i e s  d e p e n d e n t  v a r i a b l e  t h a t  changes  w i t h i n  l o c a l  p o p u l a t i o n s  
a c c o r d i n g  t o  t h e  g r a i n  s i z e  o f  t h e  s e d i m e n t , a  p a r t i c u l a r  p e r i p r o c t
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l e n g t h  becoming n a r r o w l y  a d a p te d  t o  a p a r t i c u l a r  s u b s t r a t e .  The 
l e n g t h  o f  t h e  p e r i p r o c t  i s , t h e r e f o r e , a  v e r y  ’ p l a s t i c '  c h a r a c t e r .
As a l l  s e v e n  s p e c i e s  used  i n  t h e  f i n a l  a n a l y s i s  a r e  found  w i t h i n  
d i f f e r e n t  s e d i m e n t a r y  f a c i e s  i t  i s  e x p e c t e d  t h a t  t h e  p e r i p r o c t  
l e n g t h  would be v e r y  d i f f e r e n t  be tween  g r o u p s .  I t  i s  a l s o  u n l i k e l y  
t h a t  t h e  l e n g t h  o f  t h e  p e r i p r o c t  would change  r e g u l a r l y  w i t h  t im e  
a s  s p e c i e s  h a v e  a d a p te d  to  a v a r i e t y  o f  f a c i e s .
T h i s  s i t u a t i o n  does seem t o  be t h e  c a s e  w i t h i n  t h e  s p e c i e s  
s t u d i e d .  Fo r  e x a m p l e , w i t h i n  t h e  o l d e r  fo rm s  t h e r e  a r e  s p e c i e s  w i t h  
l o n g  ( N . s c u t a t u s ) and s h o r t  ( N .a m p lus ) p e r i p r o c t s , w h i l s t  t h e  same 
i s  t r u e  o f  y ounge r  s p e c i e s  ( l a r g e  i n  A . r e c e n s  and s m a l l  i n  
N . s u b q u a d r a t u s ) . The p a l a e o e c o l o g y  of  each s p e c i e s , a s  d i s c u s s e d  i n  
C h a p t e r  3 , i n d i c a t e s  t h a t  t h e  p e r i p r o c t  s i z e  i s  c l o s e l y  c o r r e l a t e d  
w i t h  s e d im e n t  g r a i n  s i z e  and L c a n  be c o n s i d e r e d  t o  r e p r e s e n t  
a f a c i e s  d e p e n d e n t  v a r i a b l e .
The m a j o r  c o n s i s t e n t  e v o l u t i o n a r y  t r e n d  w i t h i n  t h e  s e v en  
s p e c i e s  s t u d i e d  i s  t h e  l o c a t i o n  o f  t h e  a p i c a l  s y s te m  on t h e  a b o r a l  
s u r f a c e  o f  t h e  t e s t , v a r i a b l e  M, The d i s c  g r a d u a l l y  moves t o  a  more 
a n t e r i o r  p o s i t i o n  w i t h  t im e  from a c e n t r a l  p o s i t i o n  w i t h i n  B a th o n ia n  
s p e c i e s  t o  a p o s i t i o n  o n l y  o n e - t h i r d  o f  t h e  t e s t  l e n g t h  from t h e  
a n t e r i o r  w i t h i n  t h e  R e c e n t  A . r e c e n s ,
J  es  i o n e k - S  zymanska (1968)  h a s  d e t a i l e d  t h e  m i g r a t i o n  o f  t h e  
p e r i p r o c t  f rom w i t h i n  t h e  a p i c a l  sy s tem  and t h e  a t t a i n m e n t  of  
e x o c y c l i s m  w i t h i n  N u c l e o l i t e s , s u g g e s t i n g  t h a t  t h i s  i s  an  i m p o r t a n t  
e v o l u t i o n a r y  t r e n d  w i t h i n  e a r l y  members o f  t h e  g e nus .  C e r t a i n l y  t h e  
p e r i p r o c t  l i e s  i n  c l o s e  p r o x i m i t y  t o  t h e  a p i c a l  sy s tem  i n  t h e  
B a j o c i a n  -  B a t h o n ia n  c h r o n o s p e c i e s  N .w oodwardi i  and N.amplus and 
t h e  B a t h o n ia n  e n d o c y c l i c  N . e l o n g a t u s  ( J e s i o n e k - S z y m a n s k a , 1 9 6 8 : f i g , 8 , f ) ,  
However by t h e  O x f o r d i a n  t h e r e  a r e  s p e c i e s  w i t h  t h e  p e r i p r o c t
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l y i n g  o n e - f i f t h  o f  t h e  t e s t  l e n g t h  from t h e  a p i c a l  d i s c  (21% i n  
N . s c u t a t u s ) and o t h e r  s p e c i e s  i n  which i t  l i e s  o n e - t h i r d  o f  t h i s  
d i s t a n c e  (35% i n  N . m i c r a u l u s ) . T h i s  f i g u r e  c o n t i n u e s  t o  v a r y  w i t h  
t im e  b e in g  34% i n  t h e  Cenomanian N . r o t u n d u s  b u t  o n l y  29% i n  t h e  
R e c e n t  A, r e c e n s  , The movement o f  t h e  p e r i p r o c t  tow a rds  t h e  p o s t e r i o r  
d oes  n o t  seem t o  be a c o n s i s t e n t  t r e n d  be tw een  t h e  s p e c i e s  s t u d i e d  
and i s  n o t  even a m a j o r  f a c t o r  w i t h i n  t h e  two l i n e a g e s  o f  c h r o n o s p e c i e s .
See  p . 211 f o r  d i f f e r e n c e s  be tw een  N.woodwardi i  and N.amplus and p . .178 
be tw een  N . l a t i p o r u s  and N . s c u t a t u s .
A s h o r t e n i n g  o f  t h e  a n a l  s u l c u s , J , i s  a l s o  a g e n e r a l i s e d  
t r e n d  t h a t  i s  n o t  c o n s i s t e n t  w i t h  t im e .  The d i s t a n c e  o f  t h e  p e r i s t o m e  
from t h e  a n t e r i o r , E , r e m a i n s  f a i r l y  c o n s t a n t  w i t h i n  t h e  s p e c i e s  
s t u d i e d  b e in g  a b o u t  40% o f  t e s t  l e n g t h .  T h i s  i s  a l s o  t h e  c a s e  w i t h  
t h e  ' s t r e a m l i n i n g *  o f  t h e  t e s t , t h e  p o i n t  o f  g r e a t e s t  w i d t h  o f  t h e  
t e s t , H , b e i n g  c l o s e  t o  60% o f  t h e  t e s t  l e n g t h  f o r  a l l  s p e c i e s  e x c e p t  
i n  t h e  v e r y  rounded  N.amplus i n  which  t h e  f i g u r e  i s  o n l y  55%.
The e l o n g a t i o n  o f  t h e  t e s t , b r e a d t h  B /  l e n g t h  A , v a r i e s  
i n d e p e n d e n t l y  o f  t im e  so t h a t  rounded  and e l o n g a t e  forms may be 
found  a t  any  t im e  d u r i n g  t h e  e v o l u t i o n  o f  t h e  g e n u s .  F o r  example ,
N . e l o n g a t u s  ( B a t h o n i a n )  i s  a s  na rrow ( b r e a d t h  i s  88% o f  l e n g t h )  
a s  t h e  R e c e n t  A . r e c e n s  ( b r e a d t h  89% o f  l e n g t h ) .
The sp a n  o f  t im e  i n v o l v e d  i n  t h e  s t u d y  o f  t h e  e v o l u t i o n  
o f  t h e  genus  i s , t h e r e f o r e , v i t a l l y  i m p o r t a n t  t o  any c o n c l u s i o n s  made.
I t  h a s  been  shown t h a t  d i f f e r e n t  o v e r a l  t r e n d s  become a p p a r e n t  
when t h r e e  d i f f e r e n t  t im e  u n i t s  a r e  c o n s i d e r e d ;  t h e  m id d l e  t o  u p p e r  
J u r a s s i c ;  t h e  m id d l e  J u r a s s i c  t o  u p p e r  C r e t a c e o u s ;  and m idd le  
J u r a s s i c  t o  R e c e n t .
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CHAPTER 11 -  SUMMARY
1 .  The taxonomy o f  each  o f  t h e  t e n  s p e c i e s  s t u d i e d  i s  d i s c u s s e d ,  
E c h in o b r i ^ s u s  Gray  1825 i s  a j u n i o r  o b j e c t i v e  synonym o f  N u c l e o l i  t e s  
Lamarck 1801 .  N . s c u t a t u s  Lamarck 1816 i s  c on f i rm e d  a s  t h e  t y p e  s p e c i e s  
o f  N u c l e o l i t e s  Lamarck 1801 .  N . c l u n i c u l a r i s  ( S m i th )  1817 i s  a
j u n i o r  s u b j e c t i v e  synonym o f  N . s c u t a t u s  Lamarck 1816 and N . l a t i p o r u s  
A g a s s i z  1839 i s  t h e  n e x t  a v a i l a b l e  name f o r  t h i s  g r o u p  o f  m id d le  
J u r a s s i c  c a s s i d u l o i d s .  I t  i s  p roposed  t h a t  Apa topygus  Hawkins 1920 
be r e t a i n e d  w i t h i n  t h e  N u c l e o l i t i d a e , c o n t r a r y  t o  K i e r  ( 1 9 6 2 ,1 9 6 6 ,1 9 7 4 ) .
2 .  Of t h e  f o u r  computer  a n a l y s e s  u s e d  i n  t h i s  s t u d y / s t e p w i s e  
d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  was found  t o  be t h e  most u s e f u l  
t e c h n i q u e  i n  d e t e r m i n i n g  i n f r a  and i n t e r s p e c i f i c  v a r i a t i o n  be tween  
s a m p l e s .  P r i n c i p a l  component  a n a l y s i s  a l s o  p roved  u s e f u l  i n  d e t e r m i n i n g  
d i f f e r e n c e s  be tw een  s m a l l  numbers o f  samples  and i n  i s o l a t i n g  * 
h e t e r o g e n i t y  w i t h i n  s a m p le s .  Reduced m a j o r  axes  and c l u s t e r  a n a l y s i s  
w e re  u sed  t o  c o n f i r m  r e s u l t s  p roduced  by t h e  o t h e r  t e c h n i q u e s .
3 .  I n f r a s p e c i f i c  v a r i a t i o n  w i t h i n  t h e  g e n o t y p e , N u c l e o l i t e s  s c u t a t u s , 
f rom t h e  O x f o r d i a n  o f  England  and Normandy i s  c o r r e l a t e d  w i t h  g r a i n  
s i z e  o f  t h e  e n c l o s i n g  s e d i m e n t .  S i g n i f i c a n t  d i f f e r e n c e s  o c c u r  
be tw een  s a m p l e s , p r i m a r i l y  i n  t h e  s i z e , s h a p e  and p o s i t i o n  o f  t h e  
p e r i p r o c t  and i n  t h e  l e n g t h  o f  t h e  p e r i p r o c t a l  s u l c u s .  A l a r g e  
p e r i p r o c t  c o r r e l a t e s  w i t h  l a r g e  s e d im e n t  g r a i n  s i z e  r a t h e r  t h a n  
w i t h  d i f f e r e n c e s  i n  t h e  s t r a t i g r a p h i e  age  o r  g e o g r a p h i c  l o c a t i o n
o f  t h e  s a m p l e s .
4 .  I t  i s  i n f e r r e d  t h a t  i n f r a s p e c i f i c  v a r i a t i o n  w i t h i n  N . s c u t a t u s
r e f l e c t s  p h e n o t y p i c  v a r i a t i o n  between  p o p u l a t i o n s  i n  r e s p o n s e  t o
l o c a l  e n v i r o n m e n t a l  f a c t o r s  such  a s  s u b s t r a t e  g r a i n  s i z e .  The samples  
m a y , t h e r e f o r e , r e p r e s e n t  e c a d s .  The d e g r e e  o f  m o r p h o l o g ic a l  o v e r l a p
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be tween  s am p les  i n d i c a t e  t h a t  a l l  i n d i v i d u a l s  be long  t o  a s i n g l e  
b i o t y p e  and t h a t  one taxonomic  s p e c i e s  c o v e r s  t h e  t o t a l  r a n g e  o f  
v a r i a t i o n .
5.  No such d i f f e r e n c e s  a r e  proved  be tw een  t h r e e  samples  o f  N . l a t i p o r u s  
f rom t h e  m id d l e  J u r a s s i c  ( B a t h o n i a n  t o  C a l l o v i a n )  o f  England and 
F r a n c e , d e s p i t e  w ide  g e o g r a p h i c  and s t r a t i g r a p h i e  s e p a r a t i o n .
S t a t i s t i c a l  d i f f e r e n c e s  be tween  N . l a t i p o r u s  and N . s c u t a t u s  a r e  o f  
t h e  same o r d e r  a s  be tw een  i n f r a s p e c i f i c  s am ples  o f  N . s c u t a t u s .
6 .  Samples  o f  f i v e  J u r a s s i c  s p e c i e s  ( N .e lon ga tu s  
N.am.pluSyN,woodwardi i  , N, burgundiae , N . m i c r a u l u s ) a r e  compared t o  t h e  
g e n o t y p e .  Q u a n t i t a t i v e l y , d i f f e r e n c e s  can  be e x p r e s s e d  i n  te rms
o f  o n l y  two t e s t  v a r i a b l e s , a l w a y s  i n c l u d i n g  e i t h e r  t h e  h o r i z o n t a l  
l e n g t h  o f  t h e  p e r i p r o c t  a n d / o r  i t s  d i s t a n c e  from t h e  a p i c a l  d i s c .
The s i z e  o f  t h e  p e r i p r o c t  i s  a g a i n  f a c i e s  d e p e n d e n t .  The l e n g t h  o f  
t h e  a n a l  s u l c u s , h o w e v e r , i s  c o n s i s t e n t l y  s h o r t e r  i n  s t r a t i g r a p h i c a l l y  
y o u n g e r  s p e c i e s .  \ ,
7. A sample o f  each  o f  'two C r e t a c e o u s  s p e c i e s  ( N. subquadratus, 
N . r o t u n d u s ) i s  compared w i t h  t h e  J u r a s s i c  s p e c i e s .  These  two samples  
a r e  a s  d i s t i n c t  f rom t h e  g e n o ty p e  a s  a r e  t h e  J u r a s s i c  s p e c i e s ,  
e x c l u d i n g  N . l a t i p o r u s . D i f f e r e n c e s  be tw een  a l l  n i n e  s p e c i e s  r e l a t e  
p a r t l y  t o  t h e  s i z e  o f  t h e  p e r i p r o c t  ( a  f a c i e s  d e p e n d e n t  v a r i a b l e )  
and p a r t l y  t o  t h e  d i s t a n c e  o f  t h e  a p i c a l  d i s c  f rom t h e  a n t e r i o r  o f  
t h e  t e s t  ( a  d i m e n s io n  which  becomes c o n s i s t e n t l y  s h o r t e r  i n  t h e  
s t r a t i g r a p h i c a l l y  younger  s p e c i e s ) .  The l e n g t h  o f  t h e  a n a l  s u l c u s ,  
s i g n i f i c a n t l y  d i f f e r e n t  be tw een  m id d le  and u p p e r  J u r a s s i c  s p e c i e s ,  
do e s  n o t  become s i g n i f i c a n t l y  s h o r t e r  i n  t h e  C r e t a c e o u s  s p e c i e s  
s t u d i e d .
8. Compari son  o f  t h e  two sam ples  o f  t h e  R e c e n t  Apa topygus  r e c e n s , 
f rom d i f f e r e n t  l o c a l i t i e s  o f f  t h e  New Zea land  c o a s t , s h o w s  i n f r a s p e c i f i c
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v a r i a t i o n  s i m i l a r  t o  t h a t  o b s e rv e d  f o r  N . s c u t a t u s , A . r e c e n s  i s  known 
t o  burrow c o m p l e t e l y  w i t h i n  a c o a r s e  s u b s t r a t e  and i n g e s t  l a r g e  
s u b s t r a t e  p a r t i c l e s  f o r  f o o d .  I t  i s  i n f e r r e d  from i t s  c l o s e  
m o r p h o l o g i c a l  s i m i l a r i t y  and s i m i l a r  s e d i m e n t a r y  a s s o c i a t i o n s  
t h a t  N . s c u t a t u s  a l s o  burrowed c o m p l e t e l y  w i t h i n  c o a r s e , m a i n l y  o o l i t i c  
s e d i m e n t s .  The r e l a t i o n s h i p  be tw een  s i z e  o f  p e r i p r o c t  and s e d im e n t  
g r a i n s  e s t a b l i s h e d  f o r  N . s c u t a t u s  i n d i c a t e s  t h a t  i t  s i m i l a r l y  i n g e s t e d  
l a r g e  s u b s t r a t e  g r a i n s .  These  h a b i t s  a r e  t h e r e f o r e  o f  a n c i e n t  o r i g i n  
i n  t h e  o r d e r  C a s s i d u l o i d a ,
9 .  B i o m e t r i c a l  a n a l y s e s  r e v e a l  i n c o n s i s t e n c i e s  i n  t h e  l e v e l s  o f  
t axonom ic  d i f f e r e n t i a t i o n  be tw een  s p e c i e s  o f  N u c l e o l i t e s . F i r s t , a  
low l e v e l  o f  d i s c r i m i n a t i o n  i s  e v i d e n t  between  N . s c u t a t u s  and 
N . l a t i p o r u s  and a l s o  be tw een  N.amplus and N .w o o d w a rd i i . Se c ond ,a  
h i g h e r  l e v e l  o f  d i f f e r e n t i a t i o n  d i s t i n g u i s h e s  t h e  r e m a in i n g  s p e c i e s  
f rom each  o t h e r  and from t h e  g e n o t y p e , N . s c u t a t u s . ,
At  t h e  f i r s t , l o w  l e v e l  o f  d i s c r i m i n a t i o n  s p e c i e s  can  o n l y  
be e f f e c t i v e l y  d i s t i n g u i s h e d  by s t r a t i g r a p h y  and may t h e r e f o r e  
r e p r e s e n t  c h r o n o s p e c i e s  w i t h i n  e v o l u t i o n a r y  l i n e a g e s .  The second 
l e v e l  may r e p r e s e n t  d i s t i n c t i o n  o f  s e p a r a t e  l i n e a g e s .
1 0 .  I n  t h e  a b s e n c e  o f  s i g n i f i c a n t  m o r p h o l o g i c a l  d i s t i n c t i o n  be tween  
N . l a t i p o r u s  and N . s c u t a t u s  i t  i s  p ropose d  t h a t  t h e  n o m e n c la tu r e
o f  t h e  l i n e a g e  s h o u ld  be d e f i n e d  on s t r a t i g r a p h i e  c r i t e r i a  f o l l o w i n g  
c o n v e n t i o n a l  u s a g e .  D i s t i n c t i o n  w i t h i n  t h i s  l i n e a g e  i s , t h e r e f o r e ,  
made a t  t h e  m i d d l e - u p p e r  J u r a s s i c  bounda ry .  The t a x o n  N . l a t i p o r u s  
A g a s s i z  1839 i s  r e s t r i c t e d  t o  samples  o f  B a j o c i a n  t o  C a l l o v i a n  a g e .
N . s c u t a t u s  Lamarck 1816 i s  r e s t r i c t e d  t o  samples  o f  O x f o r d i a n  to  
K im mer idg ian  a g e .
I t  may o n l y  be p o s s i b l e  t o  d i s t i n g u i s h  between  N.amplus A g a s s i z  
and N.woodwardi i  i n  a s i m i l a r  manner .
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11 .  E x a m in a t io n  o f  c a n o n i c a l  v a r i a t e  p l o t s  i n d i c a t e s  t h a t  v e c t o r s  
c h a r a c t e r i s i n g  d i f f e r e n t  t e s t  d i m e n s io n s  can  be i d e n t i f i e d .  One 
v e c t o r , u s u a l l y  c h a r a c t e r i s i n g  t h e  p o s i t i o n  o f  t h e  a p i c a l  d i s c  on 
t h e  a b o r a l  s u r f a c e  o r  t h e  l e n g t h  o f  t h e  a n a l  s u l c u s , i s  h i g h l y  
c o r r e l a t e d  w i t h  t h e  s t r a t i g r a p h i e  age  o f  t h e  s a m p le s .  A n o t h e r ,  
o r t h o g o n a l , v e c t o r  i s  c l o s e l y  c o r r e l a t e d  w i t h  t e s t  e l o n g a t i o n , a n d  
i s  a t im e  i n d e p e n d e n t  c h a r a c t e r .  The p r e d i c t a b i l i t y  o f  such  v e c t o r s  
i s  c o n f i r m a t i o n  t h a t  t h e  v e c t o r s  c a n  be i n t e r p r e t e d  i n  t e rm s  o f  age  
and e l o n g a t i o n  o f  s p e c i e s .  The i n t e r p r e t a t i o n  o f  such  v e c t o r s  
i s  i m p o r t a n t  i n  i d e n t i f y i n g  e v o l u t i o n a r y  ( t i m e  d e p e n d e n t )  t r e n d s  
w i t h i n  f o s s i l  g r o u p s .  D e t a i l e d  o b j e c t i v e  methods o f  a n a l y s i s  may 
o n l y  be p o s s i b l e  t h r o u g h  t h e  u s e  o f  such m u l t i v a r i a t e  t e c h n i q u e s .
1 2 .  F i g u r e  1 1 ,1  i s  a summary o f  p h y l o g e n e t i c  r e l a t i o n s h i p s  between  
t h e  10 s p e c i e s  s t u d i e d .  The p h y l o g e n e t i c  d i ag ra m  i s  ba sed  on b i o m e t r i c a l  
a n a l y s e s  a l o n e .
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Figure 11,1. Summary of phylogenetic relationships 
between the species studied as 
inferred from biometrical analyses 
onlyo Double-lined stratigraphical 
ranges indicate endocyclic species; 
ringed lineages indicate chronospecies 
as defined herein.
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PLATE
Fig.1 Nucleolites scutatus Lamarck.
Specimen X544 from Upware Quarry, 
Cambridgeshire, Parandieri Subzone (Oxfordian). 
Specimen size; Length (A) = 2 5 *6mm, Breadth (B) 
= 2 4 . 3  mm. Height (C) = 13 . 9  mm.
On all plates specimens are lettered as follows 
a - aboral view 
b - adorai view 
c - posterior view
d - ambitus viewed from left (ambs IV and V
visible)
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PLATE 2
Fig. 1 Nucleolites amplus Agassiz.
Specimen 027 from Signy 1*Abbaye, Ardennes, 
Discus Zone (Bathonian)• Specimen size; 
Length (A) = 30.9 mm. Breadth (B) = 3 1.3 mm. 
Height (C) = 1 6 . 3  mm.
Fig.2 Nucleolites woodwardii Wright.
Specimen L137 from Marquise, Pas-de-Calais, 
Bathonian. (From the Lambert Collection, Paris, 
specimen 9 8 9 ). Specimen size; Length (A) =
2 9 . 4  mm. Breadth (B) = 28.6 mm. Height (C)
= 1 3 . 8  mm.
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PLATE 3
Fig. 1 Nucleolites latiporus Agassiz.
Specimen 010 from Stratton Audley, Oxfordshire, 
Discus Zone (Bathonian). Specimen size;
Length (A) = 22.4 mm. Breadth (B) = 20.9 mm.
Height (C) = 11.8 mm.
Fig.2 Nucleolites elongatus Agassiz.
Specimen 068 from Ranville, Calvados, Bathonian. 
(From the Lambert Collection, Paris).
Specimen size; Length (A) = 26.2 mm. Breadth (B)
= 20.4 mm. Height (C) = 11. 5 .nun.
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PLATE 4
Fig. 1 Nucleolites micraulus Agassiz.
Specimen V8 from Villers-le-Tourneur,
Ardennes, Lower Oxfordian. Specimen size;
Length (A) = 21.1 mm. Breadth (B) = 19.4 mm. 
Height (C) = 11.2 mm.
Fig.2 Nucleolites subquadratus Agassiz.
Specimen BA2 from Devecey, Doubs, Neocomian. 
Specimen size; Length (A) = 23.1 mm. Breadth (B) 
= 20.6 mm. Height (C) = 11.4 mm.
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PLATE 5
Fig.1 Nucleolites rotundus (Peron & Gauthier).
Specimen CEI from Bou Saada, Algeria, Cenomanian. 
(From the Lambert Collection , Paris).
Specimen size; Length (A) = 31.7 nun. Breadth (B) 
= 2 9 . 4  nun. Height (C) = l6.2 nun.
Fig.2 Apatopygus recens (Milne Edwards).
Specimen ZZ39 from Wellington Harbour,
New Zealand, Recent. Specimen size; Length (A)
= 2 7 . 7  nun. Breadth (B) = 25.3 nun.
Height (C) = 12.2 nun.
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